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SUMMARY
The primary aim of this study was to determine whether anaerobes played 
a significant role in the aetiology of non-gonococcal urethritis (NGU). 
Chlamydia trachomatis and Ureaplasma urealyticum are responsible for 
about 50-60% of cases of NGU, so it is plausible that anaerobes may play 
a role in those cases with no known aetiology. The occurrence of the 
anaerobe Bacteroides ureolyticus in the genito-urinary tract of men with 
and without disease was considered, and microbiological and clinical 
studies performed in conjunction with the recognised aetiological agents, 
demonstrated a striking association between this anaerobe and NGU.
The primary cultivation of B. ureolyticus on non-enriched blood 
agar was practicable despite its fastidious metabolism, in particular 
a formate-fumarate energy-requirement for growth. Several.improved 
media were developed: namely, a transport medium of low redox-potential, 
liquid and enrichment media, solid media and a selective agar medium. 
Results of the various media are presented. The transport medium was 
effective in maintaining the viability of anaerobes during transportation, 
and together with the sampling procedure, produced optimal recovery from 
swabs. The selective medium containing vancomycin, polymyxin and tri­
methoprim was equally effective in facilitating the recovery of B. 
ureolyticus from clinical specimens.
Methods for the identification of Gram-negative anaerobes in 
general are described. They were based on biochemical tests, antibiotic- 
disc resistance tests, and on tests of tolerance to bile salts and dyes. 
Such a scheme enabled the identification of unknown anaerobes. However, 
the definitive identification of several strains of B. ureolyticus posed 
a few problems when using a large number of diagnostic tests, mainly 
because of the heterogeneity of the species. Methods of classification
Vby numerical taxonomy, and characterisation aids such as ultrastructure 
and the electrophoretic pattern of major cel1-proteins are described.
Serological studies showed that at least 30% of chlamydia-negative 
cases of NGU were probably due to B. ureolyticus, and organ culture 
studies demonstrated toxin-mediated damage to mucosal epithelia. The 
significance of B. ureolyticus as a potential pathogen and probable 
aetiological agent in NGU is discussed.
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GENERAL INTRODUCTION AND SUBJECT REVIEW
S E C T I O N  O N E
1. Introduction
Several workers have.examined the urethral microflora of men 
with non-gonococcal urethritis or NGU (Ambrose & Taylor, 1953;
Morrison, 1963; Furness et al ., 1971; 1977; Bowie et al., 1977a;
Hallen et al., 1977). However, they were unable to report the possible 
significance of anaerobes in the disease, even though the flora of the 
urethra consisted of several anaerobes, not unlike that of the vagina.
With improved techniques the author re-evaluated the probable role of 
anaerobes in NGU and found a correlation between NGU of no known 
aetiology and the isolation of strains of a small, anaerobic Gram- 
negative, non-sporing bacillus among the plethora of anaerobes in 
the urethra. The organisms were isolated from about 50% of men who 
had NGU but from only 13% of men with no clinical symptoms, even though 
many had a history of the disease. Strains of this anaerobe were 
subsequently identified as Bacteroides ureolyticus, and therapeutically 
responded to the same antimicrobial agents used for treating NGU, thus 
making its recognition as a probable aetiological agent much more 
difficult to assess.
Until recently, however, this organism has had an ill-defined 
taxonomic classification such that it carried the pseudonym B. corrodens 
or anaerobic "corroding bacillus". It was difficult to identify precisely 
isolates of this organism with recognised species of Bacteroides, although 
they had many characteristics in common with reference strains of
B. ureolyticus. This difficulty was manifested by their inconsistency 
in physiological and phenotypic characteristics described in this study.
In view of their recovery from rnen with NGU, they were tentatively called 
"NGU-associated-strains" - a term retained until they were properly 
characterised and classified. Furthermore, because of their observed
relatedness to reference strains of B . ureolyticus, comparative studies 
were carried out where necessary, and to differentiate them during 
characterisation, they were referred to as NGU-associated-strains of
B. ureolyticus as opposed to reference strains of B. ureolyticus. This 
study attempts to facilitate their isolation, to classify and characterise 
them more fully, and to assess their significance in disease.
1.1 A short history of sexually-transmitted diseases: relevance to
non-gonococcal urethritis
Non-gonococcal urethritis (NGU) previously referred to as non­
specific urethritis (NSU) is probably the most common of the sexually- 
transmitted diseases (STD). In England and Wales in 1977 there were 
76314 cases compared with 36626 post-pubertal infections with gonorrhoea 
(Department of Health & Social Security, 1979). Again, the number of 
NGU cases in 1982 rose to 142066, an increase of 65000 cases in three 
years. Despite the most recent advances in STD research there are still 
signs of an upward trend in NGU. Swartz (1978) defined NGU as urethritis 
from which gonococci could not be cultured or identified in smears.
The disease now recognised as syphilis has been known throughout 
the ages. There are references made in the Old Testament of the Bible 
to conditions that might well have been syphilis. For example, the 
"Botch of Egypt" and Brim's "Egyptian dermatitis". Various schools of 
learning existed in the fifteenth century and one of them, the Columbian 
School maintained that in 1493 Columbus's crew acquired syphilis endemic 
to North America and spread the disease to Barcelona in Spain. A year 
later (1494) Charles VIII besieged Naples and some of the Spaniards who 
had earlier joined his army began a massive spread of the disease in 
Europe. The teachings of Paracelsus (1530) misled the medical world 
at that time to believe that syphilis, gonorrhoea and chancroid as we 
now know them were identical diseases. The experiment by John Hunter 
(1786) gave further support to this fallacy when he thought he had 
developed a syphilitic lesion from penile inoculation of pus considered 
to have the gonococcus organism. However, Ricord (1838) proved that 
gonorrhoea and syphilis were two independent entities. However, since 
Neisseria gonorrhoeae had not been discovered he based his phlogogenic
theory on clinical observation alone. The word gonorrhoea was coined 
from the belief that the urethral discharge consisted of seminal fluid. 
Etymologically, gonorrhoea is synonymous with spermatorrhoea, but as 
early as the second century Aretaeus distinguished between them.
During the early part of the nineteenth century and for three decades 
(1820-1850) British clinicians were aware that urethritis was more 
than just gonorrhoea. . Parker (1839) reported that the discharges 
from the male urethra were of three types: simple gonorrhoea, ordinary or 
specific gonorrhoea and gonorrhoea depicted by a venereal sore on the 
urethra. There is little doubt that Parker was referring to NGU, or NGU 
of venereal origin, or simple gonorrhoea, since that condition resulted 
from sexual contact with females. The real distinction between gonorrhoea 
and NGU became prominent after Neisser (1879) discovered the gonococcus 
(Neisseria gonorrhoeae). Even so, during that period (1879-1884) all 
cases of urethritis were considered to be due to the gonococcus. However, 
the introduction of the Gram stain (Gram, 1884), the culture of 
N. gonorrhoeae (Leistikov, 1882; Bumm, 1885) and fermentation tests 
(Elser & Hunton, 1909) helped in distinguishing the two forms of urethritis
Hill & Cooper (1881) described NGU as an excessive irritation of the 
urethra from a venereal urethritis. Moreover, the French claimed that 
Aubert (1884) was the first to demonstrate urethritis due to bacteria 
other than N. gonorrhoeae. Bockhart (1886) observed 15 patients who 
contracted NGU by sexual intercourse. The incubation period of the 
disease was 2-3 days and epididymitis had resulted to complicate the 
signs and symptoms. He was able to demonstrate the same signs and 
symptoms of NGU in one of his assistants by inoculating staphylococci 
isolated from a patient.
Various kinds of urethritis which could be described as abacterial 
and bacterial emerged as clinicians began to understand the symptom^ and
signs. As early as 1782, Swediaur recognised a chemical urethritis 
after he experimentally proved that certain chemicals injected into 
the urethra could cause urethritis. Hernandez (1812) and Leistikov (1882) 
became aware of urethritis caused by trauma, and later Leistikov reported 
a case of urethritis in a man whose urethral discharge had no organisms. 
However, Guiard (1897) was the first to describe "aseptic urethritis" 
in which no organisms were found in either smears or cultures. Barlow
(1898) made that observation as well as Waelsch (1916) , and at that time 
this variety of urethritis was called Waelsch urethritis. He considered 
it entirely different from bacterial urethritis, and described one as 
acute and the other subacute. In the former, the incubation period was 
short, the urethral discharge was profuse and accompanied by dysuria.
The latter was usually contracted from women with vaginitis or cervicitis.
Many organisms have been reported in the literature as causing 
bacterial urethritis, although by definition, N. gonorrhoeae is excluded 
from NGU. The organisms that have been mentioned are Staphylococcus albus, 
corynebacteria, haemolytic streptococcus, Strept. faecalis and Gram-negative 
short rods. Cohn (1905) reported a case of urethritis probably caused 
by H. influenzae and Lavenant (1921) was the first to report a primary 
urethritis due to Strept. faecalis. Dienes (1940); Dienes & Smith (1942) 
made some advances in the understanding of the aetiology of NGU when they 
isolated mycoplasmas from men with NGU. Four years later, Beveridge et al. 
(1946) also demonstrated the presence of mycoplasmas in men with NGU, 
but these organisms were also isolated from the urine or urethra of normal 
men. Harkness (1944) also reported the finding of inclusion bodies of 
Chlamydia trachomatis in men with NGU. Moreover, these inclusions were 
first demonstrated in similar conditions by Lindner (1910). In January 
1948 the Expert Committee on Venereal Diseases of the WHO Interim Commission 
unanimously agreed that new entities of VD infections of unclassified or
ill-defined origin should be stressed and recognised. However, as a 
new entity at that time, NGU never used to receive more than cursory 
attention from venereologists and urologists mainly because the signs 
and symptoms of the primary condition were so mild. It was also 
difficult to determine whether the gonococci had been eliminated from 
secretions of post-gonococcal urethritis. However, today differential 
diagnosis has been made much easier by the use of antibiotics such as 
penicillin, tetracycline, erythromycin, metronidazole and rapid 
diagnostic testing with monoclonal antibodies.
1.2 The indigenous flora of the male urethra 
Anatomy & Histology
The male urethra is a canal 20 cm long extending from' the bladder 
neck to the external urinary meatus (Fig. 1). It consists of three 
parts: the prostatic, membranous and spongy urethra. The prostatic 
and membranous parts together form the posterior urethra, while the 
spongy portion forms the anterior urethra. The prostatic urethra is 
lined with transitional epithelium and is 3 cm long. The membranous 
urethra is also lined with transitional epithelium and is 12 mm long.
The glands of Cowper lie on either side of its posterior surface. The 
spongy urethra is about 15 cm long and lined by columnar epithelium 
except at the fossa navicularis (12 mm long) which is lined with 
stratified epithelium.
The indigenous microflora of the male urethra, like that of the ' 
vagina is quite varied, and both the anterior urethra and parts of 
the genitalia are colonised by aerobic as well as anaerobic bacteria 
(Gorbach & Bartlett, 1974). Although many clinicians in the past 
regarded the male urethra as sterile, many venereologists and urologists
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Illustrated diagram showing the floor of the male urethra.
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urethra muscle; m, membranous urethra (12 mm); n, prostatic 
urethra (32 mm).
attempted to isolate microorganisms from urethral discharges of patients 
with pyogenic infections of the urinary tract (Grenley, 1944; McLean, 1944 
Weckstein, 1944). These early investigators isolated S. albus, S. aureus, 
Gram-negative cocci, Gram-negative bacilli, corynebacteria and beta- 
haemolytic streptococcus from the urethra of men with NGU. Hitherto, 
the bacterial flora of the urethra itself had not been investigated until 
Helmholtz (1950) studied the bacterial'-content of the urethra of 82 men 
to determine which areas were colonised and which were sterile. He used 
a sterile rubber cot or impermeable silk which was made to exfoliate into 
the urethra by means of a metal tube (Fig. 2). By this method, Helmholtz 
showed the bacterial colonisation and content of the urethra, 1-6 cm 
from the meatus. Most of the bacteria were localised in segments of 
1-4 cm while those of 5-6 cm were sterile. Interestingly, Gram-negative 
bacilli were predominantly localised in segments 3-4 cm. This corro­
borates well with observations from this study that Gram-negative 
anaerobic bacilli predominate about 1-2 cm from the fossa navicularis. 
Other micro-organisms isolated from the male urethra but not found 
significant in the genesis of NGU were Strept. viridans and Strept. 
pyogenes (R&ckl & Nasemann, 1959); S. albus, Strept. anaerobius,
Strept. faecalis and corynebacteria (Morrison, 1963); S. albus and 
corynebacteria (Furness & Csonka, 1966). However, the last investigators 
did report an association between the isolation of corynebacteria (94%) 
from patients with disease but not from controls (11%).
The anaerobic microflora consists of members of the Peptococcaceae 
(Pc. asaccharolyticus, Pc. constellatus, Pc. productus, Pc. prevotli 
and Gaffkya anaerobia). Corynebacteriaceae (Bifidobacterium sp., 
Propionibacterium sp. and Eubacterium sp.), the sporing bacilli 
(Cl. sporogenes, Cl. bifermentans) and the Bacteroidaceae (B. ureolyticus,
10
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Fig. 2. Diagram showing Helmholtz sampling tube for assessing 
the bacterial content of the male urethra.
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B. asaccharoiyticus, B. melaninogenicus, B. bivius, B. disiens and 
Fusobacterium sp.). Most of these bacterial species are commensals 
and form part of the normal microflora, but some species of Bacteroides 
have frequently been isolated in infections of the lower genital tract 
(Fontaine et al., 1982; Duerden et al., 1982; Moss, 1983). Micro­
organisms considered pathogens or potential pathogens are shown in 
Fig. 3.
1.3 Infections of the male genital tract and causes
Infections of the genitourinary tract are often manifested as a 
discharge via the urethra arising from inflammation of the urethra 
(urethritis). The urethritis may occur in association with urinary 
tract infection, bacterial prostatitis, urethral stricture and phimosis. 
Considering the juxtaposition of the bladder and urethra, it may be 
said that the urethral mucous membrane appears to have a natural resistance 
to many urinary infections. Diseases of venereal origin are well 
documented. These infections include syphilis, gonorrhoea, chancroid,
NGU and Reiters disease. However, only the last two are considered 
below.
NGU is a well-defined disease syndrome but not all of its aetiological 
agents are known to date. The disease itself is usually presented as a 
low-grade urethritis with scanty or moderate mucoid or mucopurulent 
urethral discharge and variable dysuria. However, in a minority of 
cases the condition may be severe. The incubation period is generally 
considered to be from 1-3 weeks, but it may be shorter or longer. NGU 
is treated with tetracyclines and the long term response is good, although 
about 10% of men develop chronic disease. When the prostate is involved, 
erythromycin and doxycycline are probably the most useful. As to the
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Fig. 3. Microflora and bacterial pathogens of the male genital tract.
causes, Chlamydia trachomatis and Ureaplasma urealyticum are mainly 
responsible in about 50-60% of cases in men (Oriel et al., 1976;
Vaughan-Jackson et al., 1977; Taylor-Robinson, 1977; 1984; Taylor- 
Robinson et al., 1979; Taylor-Robinson & Thomas, 1980), but the cause 
of the rest of cases is still unexplained. Other micro-organisms, 
namely Herpes simplex virus type 2 (Nahmias & Roizman, 1973; Wong 
et al., 1977), Cl. difficile (Hafiz, 1975) and corynebacteria (Furness, 
1971; 1976; 1977) have been associated with NGU. However, evidence 
that they are a cause has not. been substantiated. Furthermore, there 
are other organisms such as anaerobes and well-known agents of secondary 
importance prevalent in lower^genital-tract infections. For example,.
T. vaginalis might account for some 5% of cases of NGU in men (Catterall 
1960; Subiabre et al., 1976),' and Candida albicans can also be a rare 
cause of NGU (Masterton et al., 1975; Davidson, 1977);.
Reiter's disease is a syndrome comprising NGU, polyarthritis and 
conjunctivitis or iritis. It was described by Brodie (1836); Launois
(1899) and Reiter (1916). The part of the syndrome associated with 
the urethra consists of non-specific urogenital infection manifesting 
in urethritis, prostatitis, balanitis or cystitis. It has been said 
that up to 3% of patients suffering from NGU subsequently develop Reiter 
disease, but the figures are probably unreliable. The cause of all 
cases of Reiter's disease is unknown, but C. trachomatis infection has 
been strongly associated with up to 50% of cases (Keat et al., 1983) 
and it has been shown that 76% of patients with Reiter's have HLA B27 
antigen. It has been suggested that HLA antigens predispose the patient 
and influence his/her susceptibility to the disease. It may just be an 
effect on the patient's immune response to various agents, resulting in 
autoimmunity. Treatment with tetracycline or doxycycline is advisable
for the urethrogenital infection. Phenylbutazone (Butazolidin) is 
strikingly effective in relieving pain, and cytotoxic or immuno­
suppressive drugs have been used in severe cases of Reiter's disease.
1.3.1. Chlamydia trachomatis
Chlamydial agents are members of the Chlanydiales Order, family 
Chlamydiaceae and the genus Chlamydia. The genus has two type species,
C. trachomatis (subgroup A of Gordon &Quan, 1965) and C. psittaci 
(subgroup B of Gordon & Quan)I C. trachomatis is primarily a pathogen 
of man, except for the mouse pneumonitis agent. It is an obligate 
intracellular organism - 300-400 nm in size with two developmental forms 
the elementary body adapted to extracellular survival, and the initial 
body which produces glycogen-containing inclusions that stain with iodine 
Conversely, C. psittaci is primarily a pathogen of animals, produces 
inclusions that do not contain glycogen or stain with iodine and is 
resistant to sulphonamides. The two type species show considerable 
biological differences. The term TRIC-agent (TR stands for trachoma 
and -IC for inclusion conjunctivitis) was used to denote that the same 
agent caused different clinical ocular and oculogenital infections.
Chlamydiae can only be cultivated in cells (McCoy-irradiated or 
non-irradiated). Both cell culture and microimmunofluorescence 
techniques (Wang et al., 1977; Treharne et al., 1983) differentiate
C. trachomatis into 15 serotypes. Clinical and microbiological studies 
have now firmly established that D-K serotypes are pathogens of the 
genital tract. This has been confirmed by inoculation of sub-human 
primates. Quite recently, the detection of C. trachomatis was improved 
by the use of a fluorescein-labelled monoclonal antibody test which is 
rapid, sensitive and reproducible. Contrary to earlier doubts (Richmond
et al., 1972; Holmes et al., 1975; Perroud & Miedzybrodzka, 1978),
C. trachomatis is now widely accepted as a definite cause of NGU.
Studies have shown that the organism can be isolated from 40-50% of 
cases of NGU and even slightly more often (30-60%) from men with post- 
gonococcal urethritis (PGU). However, there is wide variation in 
isolation rates. Oriel et al. (1972) isolated chlamydiae from 38% of 
108 men with urethral discharge; Johannison et al. (1977) found 
chlamydiae in 43% of 103 cases of NGU and Terho (1978) isolated the 
organism in 58% of 159 patients with severe urethritis. .
1.3.2. Mycoplasmas
The mycoplasmas belong to the Order Mycoplasmatales, family 
Mycoplasmataceae and the genus Mycoplasma. The commonest agent seen 
in genital-tract infections is Ureaplasma urealyticum (serotypes 1-14) 
and they are characterised by their requirement for sterols for growth 
and by their urease activity. The mycoplasmas are the smallest and 
simplest free-living procaryotes, with no cell walls, the viable forms 
of which are about 300 nm. However , they are bounded by a triple- 
layered membrane consisting mainly of proteins and lipids. Ureaplasma 
urealyticum also possesses an extra membranous layer, with hair-like 
structures. The name mycoplasma ('Myco': Gr. mykes = fungus and 'plasma' 
Gr., L. =■ formed or moulded) was coined by Nowak (1929). The first 
reported isolation of a mycoplasma from humans was by Dienes .& Edsall 
(1937) . U. urealyticum organisms grow on agar media and the colonies 
vary in diameter, but are usually no more than 60pm. M. hominis colonies 
are usually 200-300 pm in diameter and large colonies of both show a 
typical "fried-egg" appearance. Both organisms are found with some 
frequency in the genital tract of men. Since ureaplasmas were first
isolated from urethral discharges of men with NGU (Shepard, 1954), 
numerous investigations have been undertaken to determine whether 
these organisms cause the disease (Taylor-Robinson et al., 1969;
McCormack et al., 1973; Taylor-Robinson, 1976; 1977; Taylor-Robinson 
& McCormack, 1980).
It is now accepted that U. urealyticum is a cause of NGU some of 
the time and probably responsible for at least 10% of cases. Hare 
et al. (1969) studied patients with PGU and NGU but did not isolate 
more organisms from patients with disease. Prentice et al. (1976) 
provided some evidence for the pathogenicity of ureaplasmas; Bowie 
et al. (1976; 1977a) and Weidner et al. (1978) provided quantitative 
data to show that ureaplasmas in large numbers might be pathogenic; 
Coufalik et al. (1979) suggested that ureaplasmas caused about 10% of 
urethritis in some men. Taylor-Robinson et al. (1977) provided further 
evidence from the intraurethral inoculation of two humans, that some 
ureaplasmas are pathogenic and may be capable of initiating chronic 
disease.
M. hominis organisms have been studied in some detail but there 
is no strong evidence to implicate them in disease in men. Bowie et al. 
(1977a) examined patients with and without urethritis and found that 
M. hominis was not a cause of the urethritis. The importance of a newly 
discovered mycoplasma, M. genitalium (Taylor-Robinson et al., 1982) in 
NGU needs to be further investigated.
1.3.3 Trichomonas vaginalis
Trichomoniasis infection of the genito-urinary tract is caused by 
the protozoan, T. vaginalis. The organism is found in the secretions 
of some men with NGU but it occurs more frequently in women over 30 years
of age, and in the tropics, 15-40% of childbearing women are affected. 
Evidence from experimental inoculation of women volunteers has shown 
the disease to be sexually-transmitted. Some strains appear more 
pathogenic than others. The infection is treated with metronidazole 
(Flagyl) which cures most cases.
1.3.4 Candida albicans
Candidosis or the condition known as 'thrush' is caused by Candida 
albicans which may be found in secretions of up to 5% of cases of NGU.
It is found more often in the vagina and vulva of females and many women 
show no symptoms. However, they may complain of intense vulval and 
vaginal irritation with or without vaginal discharge. About 50% of 
male contacts of women with Candida infections will harbour the organism. 
They may have intense irritation or burning and perhaps a slight purulent 
discharge, and the condition may spread to the fossa navicularis. Treatment 
is usually by antifungal antibiotics such as Nystatin. However, newer 
antifungal preparations such as miconazole, clotrimazole and econazole 
(ecostatin) are effective in short therapy.
1.3.5 Herpes and Donovanosis
Infections with Herpes simplex virus (HSV-l/HSV-2) produce painful 
balanitis and urethritis, but the condition is not usually associated 
with symptomatic urethritis (Jeensson & Molin, 1974; Vontuer et al.,
1979). Another member of the herpes virus group, cytomegalovirus (CMV), 
can also cause infection of venereal origin. Treatment with 5% idoxuridine 
in 100% dimethylsulphoxide (Herpid) can abort recurrences of herpes. 
Acyclovir, a new antiviral agent is effective also. Prevention and 
treatment of CMV are by experimental drugs and vaccines.
Infection with the organism (Calymmatobacterium granulomatis, 
also referred to as donovanosis (granuloma inguinale) is usually 
considered to be sexually transmitted. Although affecting the 
genitalia and perianal areas, it is not considered to be a cause 
of symptomatic urethritis. The disease is common in tropical and 
subtropical countries. The treatment of choice is tetracycline,
500 mg taken four times daily for 10 days or more. '
1.3.6 Anaerobes
Infection with anaerobes in the male urethra is not well 
documented and still needs further investigation. However, 
anaerobic bacteria are now thought to be involved in a wide variety 
of genitourinary infections in men (Duerden, 1980; 1982). This 
bacterial flora has been studied by various workers but rather 
infrequently (Morrison, 1963; Justesen et al., 1973). Until 
recently, only few workers have investigated the possible aetio- 
logical role of anaerobes in NGU (Hafiz et aL., 1975; Hallen et al., 
1977; Bowie et al., 1977b). However, none of these investigators 
showed anaerobes to be implicated in the disease. Interestingly, 
an association between an anaerobe and NGU was reported by the 
author (Fontaine et al., 1982). Strains of this anaerobe were 
isolated from 50% of all cases of NGU studied in men and from 
60% with no known aetiology, namely in those men from, whom C. 
trachomatis and U. urealyticum could not be isolated. The study 
of several strains of this small, Gram-negative anaerobe forms 
the subject of this thesis.
In addition to the observations reported, Masfari et al. (1983)
reported an association between balanoposthitis/NGU and anaerobes, 
especially Bacteroides species. Moss (1983) alsp isolated 
Bacteroides of the melaninogenicus/oralis group from 9 of 14 
men with NGU. These results clearly indicate that anaerobes may 
be responsible for some infections of the lower genital tract in 
men.
1.4 The Bacteroidaceae as members of the microflora of the lower
genital tract *
Members of the family Bacteroidaceae are found as part of the
microflora of various sites in man. The genus Bacteroides is presently 
divided into 39 species of which several including B. fragilis,
B. asaccharolyticus, B. bivius, B. capillosus, B. disiens, B. melanino- 
genicus, B. oralis, B. pneumosintes, B. putredinus, B. ruminicola and 
B. ureolyticus make up the majority of isolates from clinical material. 
The microflora of the female genital tract has been extensively studied. 
As early as 1898 Bacteroides species were frequently isolated from the 
vagina, Bartholin's gland abscesses and retained placenta, but they 
were ignored as human pathogens. Since then B. fragilis has been 
commonly found in the female genital tract and shown to cause severe 
and prolonged puerperal infections (Sweet, 1975).
More recently, the microbial flora of the female genital tract 
has been reassessed (Spiegel et al., 1980; Hamman, 1982; Moss, 1983). 
In contrast to earlier investigators, B. fragilis was seldom isolated. 
However, other Bacteroides species reclassified as B. asaccharolyticus, 
B. bivius and B. disiens (Finegold & Barnes, 1977; Holdeman & Johnson 
1977) were recognised. The microbial flora of the female genital tract
consists therefore ;of the following: the fragilis-group (B. fragilis,
B. vulgatus, B. distasonis, B. ovatus, B. thetaiotaomicron, B. eggerthi, 
splanchnicus, B. uniformis and B. variabilis), the oralis-group 
°raiisy B. bivius, B. disiens and B. ruminicola), B. asaccharolyticus, 
B. me1aninogenicus and B. ureolyticus (Duerden, 1980; Moss, 1983).
However, the predominant organisms of this flora are B. bivius, B. disiens, 
B. oralis and B. me1aninogenicus.
The bacterial flora of the male genital tract, on the other hand, 
is not as well documented as the female. However, the work presented 
in this thesis and that of other investigators (Duerden, 1982; Masfari 
et al., 1983; Moss, 1983) has shown the microflora of the male urethra 
to be not unlike that of the vagina. The predominant Bacteroides species 
found were B. ureolyticus, B. asaccharolyticus and B. melaninogenicus 
(Fontaine et al., 1982). Masfari et al. (1983) isolated Bacteroides 
species from men with and without balanoposthitis and NGU. Unlike the 
flora of the vagina, however, B. asaccharolyticus was the commonest 
species followed by B. melaninogenicus, B. ureolyticus and B. bivius.
In particular, B. ureolyticus was isolated from 36% of the men with 
erosive balanoposthitis compared to 10% of men without disease. Moss 
(1983) also found Bacteroides species as the most common organism in 
the urethra. The predominant isolates were the melaninogenicus/oralis 
group followed by B. ureolyticus and B. asaccharolyticus. Although the 
order in which these isolates occurred or were reported varied, these 
investigators agree that Bacteroides species were the predominant organisms 
in the genitourinary tract of men. The species isolated were placed into 
two groups, the asaccharolytic group comprising B. asaccharolyticus and 
B. ureolyticus and the melaninogenicus/oralis group - B. melaninogenicus,
B. bivius, B. disiens and B. oralis.
1.5 Growth requirements of Bacteroides species and anaerobic
Gram-negative corroding bacilli
The Bacteroidaceae are quite varied in their nutritional require­
ments. Some organisms like B. melaninogenicus, Fusobacteria species 
and B. ureolyticus are more demanding than B. fragilis. Varel & Bryant 
(1974) demonstrated a wide range of biosynthetic mechanisms in B. fragilis 
which they were able to grow on fairly minimal defined media. They 
suggested that this is related to the ecology of these organisms which , 
live in the large intestine and are provided with few nutrients. 
Consequently, the organisms utilise such compounds as haemin, vitamin 
B12 and ammonia which are readily available in the large intestine.
Unlike most other members of the Bacteroidaceae the growth of B. fragilis 
is not inhibited by bile. Indeed, growth may be stimulated by bile and 
Beerens et al. (1963) proposed the name Eggerthella for one species,
E. convesca, the growth of which was stimulated by bile.
Many strains of B. melaninogenicus, especially the non-proteolytic 
strains, require vitamin K as well as haemin for growth (Gibbons & 
McDonald, 1960). The action of these compounds in the bacterial cell 
is not known with certainty except that a deficiency of vitamin K may 
induce elongated cells and the accumulation of RNA as a result of a 
membrane mediated effect on RNA metabolism and protein synthesis.
Lev (1968) found a number of strains of B. melaninogenicus that would 
only grow on blood agar in the presence of a staphylococcus contaminant. 
This dependence on a growth factor from the contaminant was removed 
when vitamin or its analogue, menadione (Fig. 4) , was added to the 
medium. An appreciable amount of protohaem taken up by these bacteria 
is incorporated into a membrane-bound respiratory system which involves 
the cytochromes b and c and possibly flavoproteins (Rizza et al., 1968;
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Fig. 4. Structural representation of vitamin and its analogue, 
menadione (vitamin K^).
Lev et al., 1971). These may be required for some part of the 
metabolic process that is paralleled by succinate metabolism. The 
incorporation of sodium succinate, haemin and menadione increased the 
rate of growth, and succinate could partially replace menadione or 
vitamin K in the presence of haemin. Bacteroides species also have a 
requirement for a variety of metallic ions including Fe^+, Mg2+, Ca2+, 
Co2+ and Mn2+ (Caldwell & Arcand, 1974).
Anaerobic bacteria generally are fastidious in their nutritional 
requirements and show preference for haemin and vitamin K. These 
growth or nutritional factors are usually incorporated in anaerobic 
media. Smibert & Holdeman (1976) isolated strains of Gram-negative 
rods from clinical material that required formate and fumarate for 
growth. They had an energy metabolism similar to Vibrio succinogenes 
(Wolin et al., 1961), recently reclassified as Woline11a succinogenes 
(Tanner et al., 1981). These workers found that W. succinogenes 
contained cytochromes b and c, that formate and fumarate acted as 
electron donor and acceptor respectively, and that inalate or nitrate 
was converted to fumarate which in turn was converted to succinate.
In this study, strains of B. ureolyticus (NCTC) and those isolated 
from men with NGU were found to possess cytochromes, and they also had 
a growth requirement for formate and fumarate. Moreover, the growth 
of these organisms was slightly stimulated by nitrate, haemin and 
vitamin K like W. succinogenes (Jackson & Goodman, 1978; Fontaine 
et al., 1984). In the absence of these factors, growth in liquid 
media in particular, was poor. However, the use of solid media 
containing vitamin K-haemin usually resulted in tiny colonies on 
primary isolation, and growth was enhanced by formate and fumarate 
when incorporated in both liquid and solid media.
1.6 Techniques of anaerobic culture
Leeuwenhoek (1680) was the first to demonstrate that micro­
organisms could exist and develop without air. Pasteur (1861) discovered 
anaerobiosis, and since then various methods for the culture of 
anaerobic bacteria have emerged. Early attempts at cultivating 
anaerobes were performed in liquid media by using reducing agents 
such as glucose, sodium formate, sodium sulphonate, sodium sulphide, 
thioglycollate, glutathione and cysteine. Robertson (1916) first 
described cooked-meat medium which is still widely used. Brewer (1940) 
described a liquid medium for anaerobic culture and Hosoya & Kishino 
(1925) had earlier shown the superior value of cysteine hydrochloride 
as a reducing agent in effecting anaerobiosis.
Most of these techniques did not provide for surface cultivation 
of bacteria. However, the introduction of the Mclntosh-Fildes jar 
(McIntosh & Fildes, 1916) simplified the isolation and study of many 
anaerobes on pure, surface culture. Several modifications of the 
Mclntosh-Fildes jar were developed later, in particular the Brewer jar 
which used an electrically-heated catalyst. However/Stokes (1958) 
described a method for isolating large numbers of anaerobes from clinical 
material with a jar using a catalyst that was active at room temperature. 
Furthermore, Eggerth & Gagnon (1933) had already shown palladinised 
asbestos as an active catalyst. '
Hungate (1950) described the roll-tube method for the study of 
strictly anaerobic rumen bacteria. The technique is based on providing 
a low oxidation-reduction potential, an oxygen-free atmosphere and 
prevention of the oxidation of organic substances in the medium. Moore 
(1966) modified the Hungate roll-tube method by describing a set of 
anaerobic techniques developed at the Virginia Polytechnic Institute (VPI).
The methods are based on the use of pre-reduced anaerobically sterilised 
(PRAS) media in which each culture tube becomes its own anaerobic 
chamber, with total exclusion of oxygen from the specimen and medium 
used. The rol 1-tube although more effective for the recovery of the 
more fastidious 'strict' anaerobes (pC^ <0.5%) than the common anaerobic 
jar is a complex system.
The Gas-Pak (Brewer & Allgeier, 1966) was introduced later. This 
is a self-contained gas-generating package (borohydride and citrate 
bicarbonate in foil) in a sachet which releases hydrogen and CC^ on 
the addition of water when placed in a Mclntosh-Fildes jar loaded with 
catalyst. This system was evaluated by Collee et al. (1972) and 
Dowell (1972) with some reservations noted by Ferguson et al. (1975).
It is used in many clinical laboratories and will allow the growth of 
'moderate' anaerobes on surface plates (that is, anaerobes capable of 
growing in the presence of 2-3% levels), such as B. fragilis,
B. oralis, B. melaninogenicus, Fusobacterium nucleatum and Clostridium 
novyi type A. Collee et al. (197.1) suggested a method to standardise 
the gassing in anaerobic jars. It is based on the principle of 
evacuation and replacement of gas, such that the residual oxygen is 
removed by room-temperature catalysts, with the incubation temperature 
containing CC^. The presence of CO^ (10%) in the incubation temperature 
greatly increased both colony size and numbers of organisms recovered 
on solid media (Watt, 1973; Watt et al., 1976).
In an attempt to employ complete anaerobic conditions and to match 
the rol1-tube method, a glove-box or anaerobic cabinet was advocated 
(Aranki et al., 1969). Earlier, however, Rosebury & Reynolds (1964) 
and Drasar (1967) employed vacuum-tight anaerobic cabinets with an 
interchange lock to provide a large enclosed space entirely freed of 
oxygen by various means. However, Leach et al. (1971) simplified this
cabinet by devising an anaerobic C02~cabinet in which air is displaced 
by a continuous stream of oxygen-free C02 without the need for an 
airlock, catalysts or vacuum pumping systems. Comparative studies 
of the rol1-tube, Gas-Pak and glove-box methods (Killgore et al.,
1973; Rosenblatt et al., 1973) have shown the recovery of anaerobes 
from clinical material to be similar under the conditions employed. 
However, the proper collection and transportation of clinical specimens 
are of crucial importance in the recovery of anaerobes.
Finally, in the development and use of techniques for anaerobic 
culture the tolerance of oxygen by anaerobes must be considered, 
loesche (1969), Hentges & Maier (1972) and Tally et al. (1975) studied 
oxygen tolerance among anaerobes. They classified them according to 
their sensitivity to 02 following growth in an anaerobic glove-box which 
contained 90% N2 and 10% E^ . Strict anaerobes were incapable of growing 
on agar at oxygen levels >0.5%; moderate anaerobes were capable of 
surface growth at 02 levels of 2-8%, for example B. fragilis. Various 
possible mechanisms for the failure of anaerobes to grow in air have 
been reviewed (Hentges & Maier, 1972; Watt et al., 1973). An interesting 
theory for anaerobiosis was earlier forwarded by McCord et al. (1971)
They proposed that anaerobes which survived exposure to air possess the 
enzyme, superoxide dismutase, the major function of which is to protect 
such organisms against the detrimental effects of a superoxide free 
radical - an Intermediate resulting from the univalent reduction of 
molecular oxygen.
MATERIALS AND METHODS
S E C T I O N  T W O
DEVELOPMENTAL METHODS FOR MICROBIOLOGICAL STUDIES AND 
CLINICAL SAMPLING OF THE MALE URETHRA.
2.1 Development of methods for the isolation of anaerobes from
the urethra of men with NGU
Anaerobic methods for transporting and analysing clinical samples 
are well documented (Chow et al., 1976; Bell etal., 1978; Hill, 1978). 
Many investigators used purulent material or exudates in syringes 
(Hungate, 1969; McMinn & Crawford, 1970; Rosenblatt et al., 1973; 
Finegold et al., 1974; Rosenblatt, 1976; Bartlett et al., 1976). 
However, relatively few have considered the recovery of anaerobes from 
swabs (Collee et al., 1974; Peach & Hayek, 1974; Smith & Ferguson, 
1977), although the potentially toxic.factors in cotton-wool swabs for 
bacteria have been elucidated (Pollock, 1948; Rubbo & Benjamin, 1951; 
Anderson, 1965; Dadd et al., 1970). Other aspects relating to loss 
in transit and deleterious influences have also been investigated 
(Bartlett & Hughes, 1969; Collee & Watt, 1973). Various transport 
media have also been developed (Stuart, 1959; Cary & Blair, 1964;
Amies, 1971).
In an attempt to isolate anaerobes from the male urogenital tract, 
a method was developed whereby the use of swabs would enable small 
numbers of anaerobes from the urethra to be transported, and quanti­
tatively recovered from a bacterial population, consisting of various 
morphotypes. Several factors are considered in a pilot study.
(i) The use of test-strains to impregnate swabs (simulated-clinical- 
sample) to test various transport media and a 'dilution method' for 
isolating and differentiating anaerobes, (ii) the most suitable swab 
for sampling, (iii) the use of agents to 'protect' and 'maintain 
viability' of.anaerobes during transport, (iv) the use of pre-reduced 
anaerobically sterilised (PRAS) media, (v) modification of anaerobic 
jars for better or greater efficiency, (vi) anaerobiosis with steel-wool
and copper sulphate, and (vii) comparison of bench-method with 
anaerobic-chamber methods for recovery of anaerobes.
2.1.1 Transport media
A non-toxic, non-growth-supporting liquid medium, having a low 
redox-potential (E^-150 mV; pH 7.0) was devised. It was prepared from 
sterile tryptone-yeast-glucose (TYG), prereduced with 0.1% cysteine 
hydrochloride, 0.03% sodium formaldehyde sulphoxylate, and incorporating 
3-9% bovine serum (heat-inactivated), or 3-9% laked horse blood (Oxoid), 
or 3-5% sheep blood (Tissue Culture Services) as 'protective' agents.
In later experiments, a much lower redox-potential (E^-300 to -400 mV) 
was achieved in transport medium by adding 1 ml filter-sterilised 
titanium trichloride^-citrate complex (TTCC) to 10 ml TYG. The complex 
was prepared as follows: One millilitre of titanium trichloride (15%)
was added to 5 ml sodium citrate (0.2 M) and neutralised with sterile 
saturated sodium carbonate (BDH) to form a blue complex, an indicator 
of low E^. This transport medium was used as 2 ml aliquots in completely- 
filled vials kept anaerobically in stoppered Kodak 35-mm film-containers 
at 4°C for 1 month (see anaerobiosis with steel wool 2.2.2). Formulations 
of this medium are given in Appendix A.
2.1.2 Bacteriological swab
Sterile nasopharyngeal alginate-wool swabs (Medical Wire & Equipment, 
Cor sham, Wilts.) were used. To enhance the recovery or 'protect' 
anaerobes on swabs, bovine serum and laked horse blood were tested.
Thus, the sterile swabs were coated initially with TYG medium containing 
5% heat-inactivated bovine serum or laked horse blood introduced
aseptically into the plastic containers by means of a fine Luer needle 
(25 g x 5/8"). The external orifice was then sealed with autoclave 
tape. These swabs were used to test a mixture of anaerobes selected 
for the pilot-study.
2.1.3 Growth media
Media for the surface cultivation of anaerobes were prepared to 
provide a low oxidation-reduction potential (E^-120 mV) based on VPI 
methods (Holdeman & Moore, 1977). They were developed from tryptone 
soya broth and brain heart infusion broth or agar bases. Both contained 
various supplements, and were labelled as enriched tryptone soya dextrose 
agar (ETSDA) and enriched brain heart infusion agar (EBHIA). Details of 
formulations and preparation of these media are given in Appendix A.
2.1.4 Anaerobic jars and catalysts
Anaerobic jars (Baird & Tatlock, Chadwell Heath, Essex) were 
modified to increase the surface area of the catalyst and their efficiency 
relative to secondary vacuum. Firstly, 10 g of Deoxo-catalyst (Engelhard 
Labs, or Don Whitley) were used in one large sachet (16 mm x 9 mm) made 
of fine steel-wire mesh. Secondly, a metal frame with a wing-nut and 
lip, to hold the sachets, was sealed on the underside of each jar lid 
(Fig. 5) (Bioengineering Section, CRC). Thirdly, a Uview catalyst 
monitor (Baird & Tatlock) with an encapsulated! permanent manometer 
(20 mm-0-20 mm Hg) was attached to the side arm of each jar to measure 
secondary vacuum, and hence the catalytic activity.
2.1.4.1 Evacuation procedure. Routinely, the jars were evacuated to 
660 mm Hg and the vacuum replaced with a gas mixture containing 10% H
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Fig. 5. Outline drawing of the underside of anaerobic jar lid
(modified McIntosh & Fildes) showing further modification.
10% C02 and 80% N2. Alternatively, Gas-Paks (Oxoid & BBL) were used.
In either method, a "secondary vacuum" of at least 20 mm Hg registered 
on the monitor after 10 min of sealing the jar, was taken as an indicator 
of catalytic activity (Collee et al., 1972). Furthermore, to monitor 
the efficiency, a methylene-blue indicator strip (Oxoid & BBL), and a 
culture of Pseudomonas aeruginosa (negative control) were employed in 
each jar.
2.1.5 Bacterial strains and testing procedure
Various anaerobic species, were used to test the efficiency of the
"dilution method" and various transport media. The strains used in the
study were: B. fragilis (Glaxo 1600E; B. melaninogenicus (NCTC 9338);
V. parvula (NCTC 9803); P. acnes (NCTC 19387); Cl. novyi B (NCTC 9691);
Cl. sporogenes (ATCC 19404); Gaffkya anaerobia (lab. strain). Cultures
of the test strains were prepared from freeze-dried samples. Purity
checks were made by inoculating blood agar plates with the suspension
of organisms. These check plates were incubated aerobically and
anaerobically at 37°C for 3 days. The anaerobic species were grown
individually for 3 days on solid media (ETSDA & EBHIA) and checked
for purity and identity by Gram-staining. Following growth, 2 colonies
of each species were emulsified in TYG broth and mixed to give about 
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10 to 10 cfu of each bacterial species. A volume of 0.2 ml of the 
mixture was completely absorbed on the 'serum-coated' or 'blood-coated' 
swabs which were then immersed in the transport media supplemented with 
3-9% laked horse blood, 3-9% bovine serum, 3-5% sheep blood, after 
cutting the wire shaft. The swabs were held in the transport media 
under anaerobic conditions at room temperature for 2 h in one experiment 
and for 24 h .in another, in Gas-Pak jars.
The number of viable organisms in the samples, both before and 
after mixing, was subsequently determined by dilution (tenfold) and 
inoculation of 0.02 ml volumes on the solid media.
The plates were incubated anaerobically in Gas-Pak jars at 37°C 
for 4 days. The identification of each anaerobic species in the mixture 
was achieved by observation of its colony and cell morphology.
2*2 A preliminary survey of clinical sampling methods
For the clinical situation, direct agar-culture and urine culture 
were considered, in addition to the previously described methods.
Seventy-two men who were patients attending a venereal disease 
clinic (Shrodells Wing, Watford General Hospital) were sampled in 
the initial sampling survey. Sampling of the urethra was usually done 
with nasopharyngeal alginate-wool swabs, and in a few cases, Transwabs 
(Medical Wire Equipment Co., Corsham, Wilts). In other cases, samples 
were plated directly on solid media (direct-plating) or conveyed to 
the laboratory in various transport dilution-media via special anaerobic 
miniature jars (Kodak film-containers) described below.
Urine samples were also collected from patients before and after 
swabbing, and the results compared. The methods employed are described 
and shown in Results Section (Table 3).
2.2.1 Transport media
All the transport-dilution media (TDM) had a common base, TYG 
prereduced with 0.1% cysteine hydrochloride (see Appendix A). The 
following were evaluated after they were supplemented with other reducing 
and 'protective' agents.,
(a) TDM I (E^>-150 mV; pH 7.0) . TYG incorporating 0.03% sodium 
formaldehyde sulphoxylate (SFS) prepared by autoclaving, plus 
3% bovine serum (BS).
(b) TDM II (Ej— 270 mV). TYG + SFS plus 0.1% titanium-trichloride 
citrate complex (TTCC) prepared by autoclaving + 3% laked horse 
blood (LHB).
(c) TDM III (E^-300 to -400 mV). TYG + SFS + TTCC (filter-sterilised)
+ 3% BS.
(d) TDM IV (E^-300 to -400 mV). TYG + SFS + TTCC (filter-sterilised)
+ 3% LHB.
2.2.2 Anaerobiosis with steel-wool premoistened with copper-sulphate
Specimens were transported in Kodak 35 mm film-containers used as 
miniature anaerobic jars. Each small jar contained a roll (about 1 gm) 
of fine grade steel-wool (Grade A) that was previously moistened for 
15 secs, in aqueous 5% CuSO^ containing 0.32% and 0.2% tween-80
(see Appendix A). Removal of oxygen and anaerobiosis resulted from the 
formation of copper couples adsorbed onto the steel-wool, described here 
as 'copper-coupling' anaerobiosis (Attebery & Finegold, 1970). 
Alternatively, Gas-Pak jars were used.
2.2.3 Sampling swabs
Initially, dry nasopharyngeal alginate-wool swabs (ENT) were 
employed for direct agar-plating or culture. They were replaced by 
swabs pre-moistened with TYG supplemented with 5% sterile heat-inactivated 
bovine serum (2.1.2). These serum-coated swabs were compared with 
commercially available transwabs, especially designed for the trans­
portation of anaerobes.
2.2.4 Specimens from patients
Twelve patients were tested with both dry and serum-coated swabs, 
the former for direct-agar-culture in the clinic, and the latter for 
transport dilution-medium. Urine samples (30 ml) were also collected 
from this group before and after swabbing. The surface of the urine 
was layered with sterile paraffin oil.
Specimens from another 12 patients were collected with transwabs, 
and forty-eight were sampled with serum-coated swabs to test the 
recovery of anaerobes from various transport media. Swabs were 
inserted into the urethra, 1-2-cm beyond the fossa navicularis. The 
serum-coated swabs were immersed immediately in the transport media, 
the wire-shafts cut off and the vials stoppered. The transwabs were 
replaced in Amies medium (Amies, 1971) in their transtube applicators, 
and the dry swabs were inoculated directly on blood agar plates (EBHIA) 
in the clinic. The plate cultures and transwabs were held in Gas-Pak 
jars, the other samples in Kodak 'miniature jars' for up to 4 h before 
being taken to the laboratory and placed directly into an anaerobic 
chamber (Plysu Industrial Ltd., Bletchley, Milton Keynes, Bucks.). The 
urine specimens were removed from the chamber and centrifuged at 600 x g 
for 15 min after which the 'deposits' were returned to the chamber for 
anaerobic culture together with the swab specimens.
2.2.5 Anaerobic chamber methods
A 'neat' sample was prepared in the transport dilution-medium by 
carefully scrubbing the sample-loaded swab on the inside wall of the 
transport vial, thereby dislodging the inoculum. The 'used' swab was 
inoculated on ETSDA plates and a Gram stain prepared from it. A ten-fold 
dilution of the 'neat' sample was accurately prepared in 1.9 ml of fresh
transport dilution-rnedium containing 2% laked horse blood or bovine 
serum. Aliquots of 0.1 ml each of the neat and diluted samples were 
inoculated by streaking or spreading on plates of solid media (ETSDA 
& EBHIA). The urine deposit was diluted and processed in the manner 
described for the swab samples. All the cultures were incubated inside 
the thermostatically controlled chamber (37°C) for at least 5 days. 
Following incubation, the plates were removed from the chamber and the 
various colony types Gram stained. Colonies of Gram-negative organisms 
were subcultured and incubated under various gaseous conditions, viz. 
anaerobically, in air and in air + 10% CC>2, all at 37°C for 3 days.
Two further subcultures were made, Gram stains were prepared and pure 
organisms categorised as anaerobic, micro-aerophilic or carboxyphilic 
and facultatively anaerobic (see Fig. 7). These organisms were stored 
in 0.25 ml aliquots of laked horse or sheep blood at -70°C until required 
for characterisation tests or further studies. The formulation and 
preparation of the media used are described in Appendix A.
2.2.6 Conventional methods
The 'neat' and diluted samples from both urine and swabs were 
removed from the anaerobic chamber. They were inoculated on solid media 
on the bench by the same procedure used in the anaerobic chamber. The 
cultures were incubated in evacuation-replacement and/or anaerobic Gas- 
Pak jars for at least 5 days. Further isolation methods were the same 
as those described for the anaerobic chamber. The two isolation methods 
were compared.
2.3 Experiments to develop improved media for use in further clinical
sampling studies
Studies were carried out to evaluate the most suitable transport
medium. It was especially important to determine its potential to 
sustain all the anaerobic species carried by the impregnated swab.
Both reference strains and pure cultures of clinical isolates were 
tested. The recovery of these organisms on improved agar media was 
noted. Earlier, in the preliminary clinical sampling survey, the NGU- 
associated strains grew synergistically with anaerobic Gram-positive 
cocci, identified as Gaffkya anaerobia. Pure cultures of these organisms 
also grew poorly in liquid media. Consequently, they were tested in 
several liquid media with and'without nutritional or 'growth factors'.
The need for additional nutritional factors to enhance the growth of 
some anaerobic bacilli in liquid media has been emphasised (Niederman 
& Wolin, 1972; Smibert & Holdeman, 1976). Two growth substrates of 
particular significance noted by these investigators were fumarate and 
succinate. The use of suitable 'growth' agents in enrichment and solid 
media was investigated. In addition, a selective medium was developed 
specifically to eliminate synergism and to facilitate the isolation of 
NGU-associated strains, in particular.
2.3.1 Transport media
Two of the transport dilution-media (TDM III & TDM IV) described 
previously were tested with a mixture of seven species of anaerobes, 
namely, Peptococcus sp. (lab. strain), P. acnes (NCTC 19387), Cl. 
novyi B (NCTC 9691), Mobiluncus sp. (Sprott et al., 1983), Veillone11a 
sp. (NCTC 9803), B. melaninogenicus (NCTC 9336) and B. ureolyticus 
(NCTC 10948).
. Starter cultures of these test strains were prepared from freeze- 
dried samples. Following growth and purity checks, 2 colonies of each 
test organism were emulsified in each of v\.: three transport media, held
anaerobically at room temperature for 4 hours. After mixing, the
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suspended organisms were diluted ten-fold and 0.1 ml aliquots of 10 
-5and 10 dilutions were spotted on blood agar plates. The mocula were 
spread over the surface with a bacteriological platinum loop. The 
plates were incubated anaerobically at 37°C for 3 days and colony counts 
of each test strain were then made. The identification of the various 
species in the mixed culture prepared in each transport medium was 
achieved by observing the characteristic colonies produced, and by 
Gram staining. The survival in and recovery from the transport media 
of each species and their subsequent growth on solid media (EBHIA) are 
illustrated (see Fig. 14, Results Section 6.3.1).
In addition to testing the transport media for their maintenance 
of anaerobe survival, they were tested for their ability to support the 
growth of B. ureolyticus and Mobiluncus species using laboratory strains. 
The basal liquid medium (TYG) was used alone and when supplemented with 
the growth factors, formate and fumarate.
2.3.2 Liquid media
Several liquid media were tested for their ability to support the 
growth and recovery of reference strains used in the development of 
transport media (see 2.1.5). Also included were pure cultures of ten 
NGU-associated strains isolated from clinical material. The media 
employed were tryptone soya broth, brain heart infusion, cooked meat 
medium, thioglycollate medium (Oxoid), tryptone-yeast-glucose and 
Minitek anaerobe broth (BBL) . The last two are described in Appendix A; 
the formulations and preparation of the others are as described by the 
manufacturer.
Pure colonies of each strain were emulsified in 0.5 ml phosphate-
buffered saline (PBS) and purity checks made by inoculating blood agar 
plates grown anaerobically and aerobically. Each liquid medium was 
inoculated with a 0.1 ml (4 drops) aliquot of each strain, and the 
media were incubated anaerobically at 37°C for 4 days. Each broth 
culture was then examined for turbidity and Gram stained. Subcultures 
were made on blood agar plates (EBHIA) which were incubated anaerobically 
at 37°C for 3 days to check viability.
2.3.3 Enrichment media
Several agents were tested in enriched brain heart infusion broth 
(EBHI), enriched tryptone soya broth (ETSB)(see Appendix A) and thio- 
glycollate medium. These substrates listed below were incorporated in 
the media in an attempt to enhance the growth of the NGU-associated 
strains only, since the reference strains and other clinical isolates 
required no additional energy-and-growth factors. Consequently, the 
same 10 strains used on studies in liquid media were employed. Each 
medium was supplemented with each of the following substrates at the 
concentrations indicated:
0.2% sodium formate, 0.3% sodium fumarate, 0.1% potassium nitrate,
0.05% sodium succinate, 0.1% malate, 0.05% malonate, 0.02% aspartate, 
0.002% urea, and 1% bovine serum. Of these, only formate, fumarate 
and/or nitrate (FEN) were used in that combination to act as electron 
donor and acceptor respectively. Routinely, vitamin K^, haemin and 
cysteine hydrochloride were added to all culture media.
In one experiment, each medium was inoculated with a loopful of 
organisms as opposed to suspensions of organisms made in PBS. Uninocul­
ated media were used as controls. Following anaerobic growth at 37°C 
for 4 days each medium was Gram stained for purity checks, then sub­
cultured to blood agar plates and incubated at 37°C for 3 days for
verification of growth. In another experiment a loopful of colonies 
from each strain was suspended in sterile PBS (McFarland No. 5) and 0.1 ml 
(4 drops) of each suspension was added to 5 ml of each of the liquid media. 
The inoculated tubes were incubated anaerobically at 37°C for 40 h arid 60 h, 
respectively. The turbidity or density was measured in a nephelometer 
(Diffusion Systems Ltd., London) with uninoculated tubes of each medium 
used as blanks. Results of tests on the broth culture media were compared 
(see Results Section, Table 7).
2.3.4 Solid media
For studies on solid media two clinical isolates (P2N12 & W3N17),
B. ureolyticus (NCTC 10948) and B. me1aninogenicus (NCTC 9336) were 
used. The organisms above were studied on 5 solid media, namely: 
enriched tryptone soya agar (ETSA), enriched brain heart infusion agar 
(EBHIA), enriched tryptone soya dextrose agar (ETSDA), reinforced 
Columbia base agar (RCBA) and plain Columbia blood agar (CBA) (Difco).
With the exception of CBA and ETSA, the others were improved further 
by the addition of formate and fumarate (FF). The formulations of the 
media are given in Appendix A and, apart from CBA, they were all pre­
reduced and anaerobically sterilised (PRAS). Ten plates of each medium 
supplemented with 5-10% sheep blood were prepared and stored anaerobically 
at room temperature. A suspension of each organism was prepared in PBS 
from a 72 h pure culture on solid agar, following purity checks. Each
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suspension was diluted tenfold (0.1 x 10 ) in pre-reduced TYG medium
supplemented with 2% laked horse blood, and inocula of 0.01 ml of a 
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known dilution (10 ) were placed on each plate in duplicate, and the
drops spread with a sterilised loop. The five different media were 
labelled A(ETSA), B(EBHIA), C(RCBA), D(ETSDA) and E(CBA). They were
randomised in five groups in an anaerobic chamber, and the cultures 
were incubated at 37°C for 4 days. Viable colony counts of each organism 
on the various plates were made, and the best medium was selected for 
further clinical sampling of the microbial flora of the urethra.
2.3.5 Selective media
The value of a selective medium for isolating the NGU-associated 
strains was assessed with 9 clinical isolates as well as the following 
test organisms: B. ureolyticus (NCTC 10941 & 10948), Wolinella
succinogenes (ATCC 29543), Campylobacter coli (NCTC 11353), C. fetus 
(NCTC 5850), C. jejuni (NCTC 11168), and 4 strains of Mobiluncus spp. 
(anaerobic curved rods).
The selective and a non-selective blood agar culture media were 
prepared from brain heart infusion base, supplemented with formate 
and fumarate, which acted as growth factors (EBHIA-FF). The non-selective 
medium served as a control fpr comparison with the selective medium which 
incorporated the following: vancomycin, 10 Mg/rol (Eli Lilly Co. Ltd.);
trimethoprim, 10 (jg/ml, polymyxin B, 0.15 I.U./ml (Wellcome Foundation 
Ltd.) and methyl green, 32 Mg/ml (BDH Chemicals Ltd.). A liquid medium 
of the same composition as the selective but without agar and dye (EBHI-FF) 
was also prepared. Details of the preparation and formulation of these 
are given in Appendix A.
2.3.6 Sensitivity testing of antimicrobials for selective medium
Initially, the sensitivity testing of antibiotics and dyes was 
carried out on 64 strains of the Gram-negative NGU-associated anaerobe. 
These antimicrobial agents are listed in Table 9. Antibiotics were 
either in the form of multodiscs for anaerobe identification (An-ident)
or single sensitivity-testing discs (Oxoid). The dyes were also used as 
impregnated discs made from. Whatman A/A filter discs (Baird & Tatlock) 
with the indicated concentrations, and sterilised by autoclaving (115°C 
for 10 min). The method for assessing antimicrobial sensitivity was as 
follows: pure cultures of organisms were suspended in PBS to produce
an optical density equivalent to McFarland's tube No. 5. Sterile cotton­
wool swabs impregnated with the suspension were spread uniformly over 
the entire surface of EBHIA plates. The discs were applied aseptically 
to the agar surface and zones,of inhibition were recorded after anaerobic 
growth at 37°C for 3 days. Organisms were considered resistant when 
colonies developed up to the edge of the discs.
2.3.7 Minimal inhibitory concentration (MIC) of antimicrobials for 
selective medium
, Various antibiotics and dyes were tested to find the MIC for the NGU- 
associated strains in liquid medium. These were gentamicin (Roussel1 
Labs. Ltd.): polynyxin B, trimethoprim (Wellcome Foundation Ltd.);
sulphafurazole (Roche Products Ltd.); vancomycin (Eli Lilly Co. Ltd.); 
brilliant green, malachite green and methyl green (BDH). Various con­
centrations of these antimicrobial agents were prepared in 2 ml EBHI-FF 
broth in bijoux, and each was inoculated with 2 drops (0.04 ml) of a 
suspension of the test organisms as described. The broth cultures were 
grown anaerobically at 37°C for 3 days and the minimum concentration of 
antibiotic or dye inhibiting growth was recorded. Further inhibitory 
dilution tests based on the results from the tube-dilution method were 
done in agar medium for six of the antimicrobial agents, namely: 
polymyxin (0.15, 1.1, 2.4 I.U./ml), sulphafurazole (5 & 10 pg/ml), 
trimethoprim (5 & 10 pg/ml), vancomycin (5 & 10 pg/ml) , methyl green
(10, 20, 32, 40 & 1000 pg/ml) and brilliant green (100 & 1000 pg/ml).
The agar plates containing the indicated concentrations of antimicrobials, 
as well as those without antimicrobials, were spotted from a suspension 
of organisms diluted ten-fold. They were incubated anaerobically at 37°C 
for 3 days and the presence (growth) or absence (inhibition) of organisms 
on each plate was recorded (see Results Section, Table 10).
2.3.8 Evaluation of new selective medium
The selective medium was quantitatively evaluated using ten NGU-associated
strains and the type strain of.Woline1la succinogenes. Other related
strains used for testing the specificity or selectivity of the medium were
anaerobic curved rods (Mobiluncus spp.). Serial ten-fold dilutions of a
suspension of these organisms (McFarland's tube No. 5) were prepared in
*”6 “8PBS and 10 pi aliquots of dilutions 10 and 10 were seeded in triplicate 
on both the selective and non-selective media (EBHIA-FF) using Miles &
Misra technique (1938). The plates were incubated anaerobically at 37°C 
for 3 days and the average number of colonies on both media was determined 
and statistically analysed by the Student's two-tailed t-test.
The clinical value of the selective medium was subsequently assessed 
from the urethrogenita 1-swab specimens of 25 men and 6 women with lower 
genital-tract infections (NGU) and bacterial vaginosis (BV) . Following 
transportation to the laboratory the samples were diluted in the transport 
medium as described previously. Inocula of 0.04 ml (2 drops), of each 
sample were seeded on both the selective and non-selective media. The 
primary inoculum was streaked over 1/5 of the medium, then across the 
plate as shown in Fig. 6. The plates were incubated anaerobically at 
37°C for up to 5 days, and the number of colonies which developed on 
both selective and non-selective media was compared. The identity of
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6. Method of plating out urethral specimen for primary isolation 
of anaerobes on (A) non-selective and (B) selective blood agar 
plates for colony differentiation.
the selected organisms was subsequently confirmed by cellular and 
characteristic colony morphology, the production of oxidase and urease, 
the detection of succinic acid by GLC as an end-product of fumaric acid 
metabolism*
On the basis of both the preliminary clinical studies and the 
development of improved media for further clinical studies, a comprehen­
sive sampling method for the isolation of anaerobes from swabs generally, 
is illustrated in Figure 7.
2.4 The development of methods for the identification of anaerobic
Gram-negative bacilli
The anaerobic Gram-negative bacilli are organisms belonging to 
thirteen different genera of the Bacteroidaceae family, namely: .
Bacteroides, Fusobacteria, Succinivibrio, Succinimonas, Selenomonas, 
Butyrivibrio, Anaerobiospiri1lum, Leptotrichia, Wolinella, Anaerovibrio, 
Acetovibrio, Pectinatus and Lachnospira. The Bacteroides are usually 
placed in three different genera: (i) Bacteroides species forming the 
largest group, followed by (ii) Fusobacteria and (iii) Leptotrichia. 
Although occurring in the mouth, Leptotrichia are not usually found in 
oral or other specimens.. Interestingly, most of the Gram-negative 
anaerobes isolated from the male urethra are members of the Bacteroidaceae. 
Some investigators have described four groups of the genus Bacteroides on 
the basis of their tolerance to bile salts, antibiotic resistance, pigment 
production and saccharolytic activity. However, to differentiate members 
of the melaninogenicus-oralis group from the asaccharolytic group, 
additional tests such as gas liquid chromatography and glucose fermentation 
are required (Duerden et al., 1976; Duerden, 1980). These groups of 
anaerobes are;(1) the fragilis group which are saccharolytic, bile 
tolerant and non-pigmented, (2) the melaninogenicus-oralis group which
Fig. 7. A general and comprehensive method for isolating anaerobes 
from swabs.
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Key: TDM = transport dilution medium; EBHIA = enriched brain heart
infusion agar; ETSDA = enriched tryptone soya dextrose agar; CBA = 
Columbia base agar; Bact = Bacteroides; Fuso = Fusobacteria; Clost = 
Clostridia; Veil! = Veillonella; Lactob = Lactobaci11usr AN = anaerobic.
includes both pigmented, saccharolytic, bile-inhibited, and non- 
pigmented, saccharolytic, bile-inhibited organisms, (3) the asaccharolytic 
group and (4) the fusobacteria.
Several schemes have been developed for the identification of 
anaerobes (Dowell & Hawkins, 1974; Sutter et al., 1975; Porschen & 
Stalons, 1976; Duerden et al., 1976; 1980; Holdeman & Moore, 1977; 
Holbrook et al., 1977). Based on several conventional tests a scheme 
using mainly micromethods is described. These were developed in micro­
titre plates, replidishes and Minitek microdifferentiation plates.
The use of micro-methods was important for two main reasons: (i) cost- 
effectiveness and (ii) many samples could be analysed simultaneously.
Some of these methods were also compared with the more conventional 
bacteriological techniques in- an effort to confirm the validity of 
some of the results. Rotimi et al. (1980) described rapid methods for 
the identification of Gram-negative anaerobes. However, while rapid 
methods for identification may be suitable for the clinical laboratory 
many anaerobes are fastidious and require specific nutritional factors 
and/or longer incubation for growth and definitive reactions.
These methods although developed for research purposes would be 
applicable for use in the clinical laboratory. Thus a simplified 
biochemical scheme for the presumptive identification of anaerobic 
Gram-negative bacilli from clinical material is illustrated (see Fig. 8) . 
Tests for the characterisation of these organisms are described in 
detail below. They are based on conventional bacteriological tests 
(Cowan, 1977) that were modified as indicated. In this study, they 
have been applied to characterise the NGU-associated strains as well 
as reference strains of anaerobic Gram-negative bacilli. The develop­
ment of these and other tests was found valuable for use in the 
classification of the NGU-associated strains by numerical taxonomy
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Fig. 8. Simplified scheme for the identification of anaerobic Gram- 
negative non-sporing bacilli usually encountered in clinical
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(see 4.1). They are: colony and cell morphology, pigment production, 
motility, hydrogen sulphide production, haemolysis, lipase, lecithinase, 
oxidase, catalase, and urease activity, aesculin and dextran hydrolysis, 
gelatin liquefaction, DNAse activity, gelatin hydrolysis, arginine, 
lysine and ornithine decarboxylation, nitrate reduction, carbohydrate 
utilisation and fermentation, antibiotic sensitivity, gas liquid 
chromatography, analysis of constitutive enzymes, tolerance tests 
and reduction of dyes.
One hundred and thirty-five strains of Gram-negative anaerobic
#
bacilli were studied. Of these, 64 strains were clinical isolates 
from men with NGU from the clinical sampling studies, 38 strains were 
from the preliminary clinical survey, and another six were species of 
Bacteroides other than NGU-associated strains. Other clinical isolates 
were 12 strains described as B. corrodens and/or anaerobic curved rods 
isolated from women with NSV. They were obtained from various research 
establishments or hospitals (see Table 34). Organisms used as reference 
strains included 13 strains from culture collections (ATCC & NCTC).
One isolate came from a laboratory hamster and one was a laboratory 
strain of B. ureolyticus from Northwick Park Hospital.
2.4.1 Culture media and growth factors
A solid blood agar medium was prepared from brain heart infusion 
base (EBHIA) with 5-10 ml sheep blood. It was either freshly prepared 
(PRAS) or stored anaerobically at room temperature. Liquid media (EBHI) 
were prepared similarly but without blood. They were routinely supplemented 
with growth-stimulating agents as haemin, 5 pg/ml; menadione (vitamin K^) ,
5 pg/ml added as filter-sterilised solutions to the autoclaved media. 
Alternatively, vitamin and haemin were added to the media, both at
concentrations of 0.001% before autoclaving. Additional growth 
factors were included in the form of sodium formate, 0.3%, and sodium 
fumarate, 0.3% or potassium nitrate, 0.1%, exclusively for enhancing 
the growth of the NGU-associated strains.
2.4.2 Storage and maintenance of cultures
Stock samples of organisms were stored in laked horse or sheep 
blood at -70°C. They were recultivated when required on solid media 
as pure cultures maintained in an anaerobic chamber at 37°C. In 
general, fortnightly sub-cultures were made on CBA and/or enriched brain 
heart infusion blood agar, supplemented with formate and fumarate 
(EBHIA-FF). The purity of the organisms was checked by aerobic and 
anaerobic growth and by the examination of Gram-stained smears. Broth 
cultures were usually prepared from the plate cultures from a loopful 
(about 0.02 ml) of pure organisms inoculated into 4 ml of broth.
2.4.3 Anaerobic incubation
Tests involving macromethods were often incubated in an anaerobic 
chamber (Aranki & Freter, 1972), adapted with a thermostat, and used 
both as an isolator and incubator unit. Tests employing micromethods 
and performed in microtitre plates or Minitek plates (BBL) were 
incubated in anaerobic Gas-Pak jars at 37°C for 48 h. The jars were 
each fitted with a manometer for recording secondary vacuum and the 
procedure was as described in sub-section 2.1.4.1.
2.4.4 Tests for the characterisation of strains
2.4.4.1 Colony morphology. This was studied after strains were 
cultivated on EBHIA-FF, plain CBA and selective blood agar, in an
anaerobic chamber at 37°C for at least 5 days. The colonies were 
examined usually with an illuminated magnifying lens (Allen & Co,, 
London). They were measured, and their shape and,size recorded. 
Measurements were also made of cells by light and electron microscopy.
2.4.4.2 Cell morphology was noted on Gram-stained smears from cultures 
grown for 3 days on (i) blood agar and (ii) in broth supplemented with 
growth factors.
2.4.4.3 Pigment production. Colonies of the various strains, growing 
on EBHIA-FF prepared with lysed blood, were observed for black or brown 
pigmentation after incubation for 1-2 weeks. They were also examined 
for fluorescence under long and short wave ultraviolet light using an 
ultraviolet lamp (Mineralight: model UVSL-25).
2.4.4.4 Capsule. This was studied from a loopful of colony mixed 
with a loopful of undiluted India ink on a slide to which a cover-slip 
was added. The presence of a capsule was demonstrated by a clear 
light zone around the refractile cell viewed with dark-ground illumin­
ation. Alternatively capsules/microcapsules were sought in ruthenium 
red staining preparations by electron microscopy.
2.4.4.5 Beta-haemolysis was noted from plate cultures of blod agar 
prepared with 10% sheep blood following growth anaerobically at 37°C 
for 3-5 days.
2.4.4.6 Motility was observed in Bacto-SIM (sulphide-indole-motility) 
medium (Difco) which was supplemented with 0.2% sodium formate and 0.3% 
sodium fumarate (SIM-FF). It was indicated by a spreading of the inocula 
from the original point of inoculation. Furthermore, motility was 
examined in a wet-film prepared from the 3-day culture of SIM-FF medium, 
by dark-ground microscopy and from a televised screen-picture.
2.4.4.7 Lipase and lecithinase activity. Organisms were grown on 
Willis & Hobbs' medium (Willis & Hobbs, 1959) modified by the addition 
of 0.03% sodium formaldehyde sulphoxylate, 0.1% cysteine hydrochloride, 
0.001% haemin, 0.001% vitamin K^, 0.3% sodium formate and 0.3% sodium 
fumarate. Lipase activity was indicated by the production of a pearly 
layer or sheen on the colonies; and lecithinase by zones of opalescence 
around individual colonies.
2.4.4.8 Oxidase and catalase activity. A simple, reliable test for 
oxidase activity was performed on clean glass slides on which a series
of drops (0.02 ml each) of a freshly-prepared 1% solution of tetramethyl- 
p-phenylene diamine dihydrochloride (TPDD) were added. Oxidase activity 
was indicated by a blue colour developing within 20 secs, of a loopful 
of organisms (Willis & Hobbs' plate-culture) being emulsified in a drop 
of TPDD solution.
A test for catalase activity was similarly performed on organisms 
after they had been exposed to air for at least 30 min. Then 0.02 ml of 6 
hydrogen peroxide (H2C>2) was placed on a clean glass slide and a positive 
reaction was shown by a stream of bubbles developing within 10 secs, of 
emulsifying catalase-producing organisms in the H202 solution.
2.4.4.9 Urease production. Minitek discs impregnated with urea -. were 
used according to the method described for carbohydrates. A deep purple 
colour indicated a positive result. Alternatively, urea slopes (Qxoid) 
were supplemented with 0.2% sodium formate and 0,3% sodium fumarate.
The media were inoculated with pure cultures of organisms (0.02 ml)
and incubated anaerobically at 37°C for 3 days. Urease production was 
indicated by a pink colour developing in the medium.
2.4.4.10 Indole production. A test was performed according to the 
Minitek microsystem. Six drops (0.12 ml) of a thick suspension of 
organisms were added to wells of Minitek plates which were incubated 
anaerobically at 37°C for 2 days. Following incubation, one drop of 
Kovak's reagent was added. Alternatively, 3 drops of Ehrlich’s reagent 
were added to a 3-day culture of the organisms growing in Bacto-SIM 
medium. A positive reaction was indicated by a red or pink colour 
developing almost immediately.
2.4.4.11 Aesculin hydrolysis. Evidence of hydrolysis was sought 
using Minitek discs. The development of a black colour following 
anaerobic incubation at 37°C for 2 days indicated a positive result. 
Alternatively, organisms were grown anaerobically for 3 days in a 
medium comprising 0.1% aesculin, 1% tryptone, 0.05% ferric chloride,
0.2% sodium chloride,. 0.2% sodium formate, 0.3% sodium fumarate and
0.7% agar. Development of a black discolouration of the medium indicated 
hydrolysis.
2.4.4.12 Dextran hydrolysis. Strains were grown for 4 days on EBHIA-FF 
medium containing 0.5% dextran (Pharmacia), 0.5% blue dextran (Pharmacia) 
0.2% yeast extract, 0.5% sucrose/0.001% haemin and 0.001% vitamin K^. 
Hydrolysis (dextranase) was detected by the development of a zone of 
clearing around individual colonies growing on the blue medium.
2.4.4.13 Gelatin hydrolysis. This test was carried out by a modifi­
cation of the method of Frazier (1926). Test organisms were inoculated 
on EBHIA-FF containing 0.4% gelatin and incubated anaerobically at 37°C 
for 4 days. .Gelatin hydrolysis (gelatinase) was observed as clear zones 
around individual colonies after the cultures were flooded with 12% 
mercuric chloride or 30% trichloroacetic acid.
2.4.4.14 Gelatin liquefaction. This test was carried out in a 
medium containing 12% gelatin, 0.5% peptone, 1% yeast extract, 0.5% 
glucose, 0.2% sodium formate, 0.3% sodium fumarate, 0.05% sodium 
carbonate and 0.05% cysteine hydrochloride (pH 7.0). Liquefaction 
was sought in 3-day cultures grown anaerobically at 37°C in both 
inoculated and uninoculated media placed in water at 4°C for 30 min.
A positive reaction was indicated by a prolonged or permanent 
liquefaction of the test medium in comparison with the control which 
remained solidified.
2.4.4.15 H^S production was indicated in SIM-FF medium, following 
growth anaerobically at 37°C for 3 days, by a blackening of the 
medium, the sulphide originating from thiosulphate. Also, a blackening 
of lead acetate paper, suspended during incubation in the neck of a 
broth culture medium (EBHI-FF), was indicative of H2S.
2.4.4.16 Nitrate reduction was tested for in a 3-day anaerobic culture 
of organisms in nitrate broth (Cowan, 1977) supplemented with 0.2% 
sodium formate and 0.3% sodium fumarate. The presence of nitrite ions 
was indicated by a deep red colour when a few drops of nitrate solution 
A and solution B were added to the culture. Alternatively, the Minitek 
micromethod was performed on a 3-day culture of a suspension of organisms 
with nitrate-impregnated discs.
2.4.4.17 Decarboxylation of amino-acids. Tests for the decarboxylation 
of arginine, lysine and ornithine were performed using the appropriate 
Minitek discs. After incubation at 37°C for 48 h in Gas-Pak jars, 
decarboxylation was observed as a definite red or magenta discolouration 
of the discs.
2.4.4.18 Constitutive enzymes. Strain^ were tested for constitutive 
enzymes using API-ZYM strips (API Laboratory Products Ltd) and a 
procedure applicable to Gram-negative anaerobes (Tharagonnet et al.,
1977). The following enzymes were assayed: acid phosphatase, alkaline
phosphatase, esterase and esterase lipase, leucine-valine and cystine 
arylamidases, phosphoamidase, a-galactosidase, 3-galactosidase, 
a-glucosidase, 3-glucosidase, 3-glucuronidase, N-acetyl-3-glucosaminidase, 
a-fucosidase and a-mannosidase.
2.4.4.19 Carbohydrate fermentation tests were performed with Minitek
discs impregnated with the appropriate carbohydrates mentioned below
(BBL Minitek Microsystem, Stargel et al., 1976). The original Minitek
method was modified slightly, the medium being supplemented with 0.2%
sodium formate and 0.3% sodium fumarate (see Appendix A). The following
carbohydrates were tested: arabinose, cellobiose, fructose, galactose,
glucose, glycerol, glycogen, inositol, lactose, maltose, mannitol,
mannose, melibiose, raffinose, rhamnose, ribose, salicin, sorbitol,
starch, sucrose, trehalose and xylose. Organisms from pure agar cultures
7were suspended in modified Minitek medium (10 cfu/ml). Three drops 
(0.06 ml) of each suspension were.added to appropriate discs dispensed 
in wells of Minitek plates. The results were read after anaerobic 
incubation in Gas-Pak jars at 37°C for 48 h. A strong positive reaction 
was indicated by a change from pH 7.2 (alkaline) to pH 4.5-5.5 (acid) 
and was a definite yellow, as opposed to pink. Alternatively, carbohydrate 
fermentation was carried out in microtitre plates (Dynatech/Sterilin) 
using the modified Minitek medium, to which 0.01% bromthymol blue 
indicator was added plus filter-sterilised aqueous solutions of 
appropriate carbohydrates at a final concentration of 1% approximately^
The procedure was as follows: Seven drops (0.14 ml) of the medium were
added to the wells of microtitre plates; followed by 2 drops of the
appropriate 'sugar' plus 2 drops of a thick suspension of the organisms 
7
(10 cfu/ml) made in PBS. The plates were incubated anaerobically with 
their lids intact at 37°C for 48 h. A positive reaction was also indi­
cated by a yellow colour. Controls included cultures of the test 
strains in the carbohydrate-free and uninoculated media.
2.4.4.20 Carbon utilisation tests. Strains were tested for their 
ability to grow in a carbon-free medium (see Appendix A) to which 
the following were added as sole carbon sources at the concentrations 
indicated: (1) carbohydrates at 0.5%, viz. arabinose, cellobiose, 
fructose, glucose, glycogen, inositol, maltose, mannose, ribose, 
sorbitol and trehalose, (2) amino acids - filter-sterilised solutions 
of 0.002% arginine, 0.05% cysteine, 0.002% lysine, 0.005% ornithine 
and 0.1% tryptophan, (3) sodium salts of organic acids - 0.2% acetate 
0.002% aspartate, 0.2% butyrate, 0.2% caproate, 0.2% formate, 0.2% 
fumarate, 0.2% heptanoate, 0.2% lactate, 0.005% malonate, 0.01% oxalo- 
acetate, 0.2% propionate, 0.2% pyruvate and 0.2% succinate, (4) alcohols 
0.2% butanol, 0.2% glycerol and 0.2% phenol.
2.4.4.21 Sensitivity tests. The‘susceptibility of organisms to 
various antibiotics, bile salts and dyes were investigated. 
Antibiotic-disc tests. Strains were tested for their sensitivity to 
18 antibiotics by the disc diffusion method (modified from Sutter & 
Finegold, 1971; Leigh & Simmons, 1977) on EBHIA-FF blood agar plates. 
Colonies from plate cultures were dispersed in PBS, and blood agar 
plates were seeded by spreading the suspended organisms uniformly over 
the medium from an impregnated swab. Both 'An-ident' multodisks (Qxoid) 
and single sensitivity discs (Qxoid & BBL) were used. The former
contained: colistin, 10 |jg; erythromycin, 60 (jg, kanamycin, 1000 pg;
penicillin, 2 units; rifampicin, 15 pg; and vancomycin, 5 pg. The 
latter discs were cefoxitin 30 pg; clindamycin 10 pg; cotrimoxazole,
25 pg; erythromycin, 30 pg; gentamicin, 30 pg; minocycline, 30 pg; 
nalidixic acid, 30 pg; neomycin, lOpg; streptomycin, 10 pg; sulpha- 
furazole, 100 pg; sulphamethoxazole, 25 pg; tetracycline, 10 pg; 
vancomycin, 15 pg (Mast Laboratories) and metronidazole, 5 pg (May & 
Baker). The sensitivity discs were applied to the seeded plates which 
were then incubated anaerobically at 37°C for 3 days. Zones of 
inhibition were recorded and organisms considered resistant if colonies 
developed up to the edge of the disc.
2.4.4.22 Inhibition by bile-salts/dyes. Whatman A/A filter-paper 
discs (Baird & Tatlock) were impregnated with bile-salts, viz. sodium 
taurocholate (2.5%), sodium deoxycholate (0.5%) and a mixture of both; 
also with the dyes, gentian violet 0.001%, brilliant green 0.001% and 
victoria blue 0.001% (Gurr). Suspensions of organisms prepared from 
pure cultures were-seeded on EBHIA-FF, and the discs applied. The 
cultures were incubated anaerobically at 37°C for 3 days and then 
examined for zones of inhibition.
2.4.4.23 Reduction of dyes. Strains were grown in a liquid medium 
(EBHI-FF) containing 0.005% basic fuchsin, 0.005% methyl or ethyl 
violet and 0.01% neutral red. The cultures were incubated anaerobically 
at 37°C for 5 days. Reduction and discolouration of the dye was 
observed in these cultures, and in media containing dyes but no 
organisms. A positive or negative result was recorded.
Controls. Reference strains of B. fragilis (NCTC 9343) and B. melanino- 
genicus (NCTC 9338) were used as positive and negative controls,
respectively. Other positive controls‘were B. vulgatus (NCTC 10583)
B. thetaiotaomicron (NCTC 10582), Pseudomonas aeruginosa and E. coli 
They were treated and tested in parallel with the test organisms.
The control organisms and the results for each test are given in 
Results Section, Table 20.
S E C T I O N  T H R E E
CLINICAL INVESTIGATION AND MICROBIOLOGICAL STUDIES
3.1 Clinical and microbiological studies
Some of the improved media evaluated in previous experiments 
were used to study 64 men with non-gonococcal urethritis, seven with
gonorrhoea and 30 men who were asymptomatic at the time of sampling.
Approval was obtained from ethics committees at the Clinical 
Research Centre and at St Mary's Hospital, Paddington, London. All
the men attended venereal disease clinics, and those with gonococcal 
urethritis (GU), NGU, or post-gonococcal urethritis (PGU) generally 
had dysuria, an urethral discharge or both. Those who had no symptoms 
(asymptomatic) or signs of either disease formed a control group.
Patients with no history of NGU before their first attendance were 
to form a significant part of the studies. Moreover, those with NGU 
and PGU were to meet the following criteria:
(i) absence of intracellular Gram-negative diplococci in a smear of 
their urethral exudate, and a failure of Neisseria gonorrhoeae to be 
isolated in bacteriological culture, (ii) presence of ten or more 
polymorphonuclear (PMN) leucocytes per high power field in an average 
of five fields in a smear of their urethral exudates, (iii) no anti­
biotics to have been taken for one month before sampling, (iv) no urine 
to have been voided for at least three hours before examination,
(v) agreement to be re-examined seven days following treatment, and .
(vi) to have refrained from sexual exposure during the course of 
treatment and the study. In addition, those with gonorrhoea and
those who were asymptomatic had to fulfil criteria iii-vi described
■ ’ I
above. Even so, the latter group contained twenty men who had a history 
of NGU, GU or both; and included in this group are a few men who were 
regarded as normal because they never experienced the diseases or had 
reasons to attend a venereal disease clinic.
The objective of the clinical studies was to evaluate the bacteriology
of the urethra in normal men and those with NGU caused probably by 
an unknown aetiological agent with particular emphasis on anaerobes.
The possible aetiological role of anaerobes in NGU has been investigated 
(Morrison, 1963; Justesen et al., 1973; Hafiz et al., 1975; Hallen 
et al., 1977 and Bowie et al., 1977b), but none of these investigators 
implicated anaerobes as causative agents. In order to assess critically 
and methodically the role that anaerobes might play in NGU, the clinical 
survey involved the simultaneous study of anaerobes in conjunction with 
the cultivation and isolation of C. trachomatis, U. urealyticum,
Mycoplasma hominis and facultative anaerobes (aerobes). The study
was undertaken to evaluate and determine the following: (i) the
anaerobic and facultative anaerobic, flora of the anterior urethra of 
sexually active males (average age, 26 years) with and without urethritis, 
including GU, PGU and NGU, (ii) the group(s) of anaerobic bacteria 
contributing to G. trachomatis-negative-NGU by comparing the anaerobic 
flora of the urethra of C. trachomatis-positive and C. trachomatis- 
negative NGU patients, and men without urethritis, (iii) the effect 
of antibiotic treatment in chlamydia and ureaplasma-negative patients.
The significance of differences between results of two variables 
viz.: men with disease with NGU-asSociated strains of B. ureolyticus 
and those without; and those who were positive and negative for
C. trachomatis, was determined using Fisher's exact test.
3.2 Clinical evaluation and sampling
On their first visit to the clinic, the urethral exudates of
patients were examined by Gram stain to diagnose whether they had 
gonorrhoea (GU), NGU or PGU. Those whose urethral exudates contained 
Gram-negative diplococci and 10 or more PMN leucocytes per high power
field microscopically were diagnosed as having gonorrhoea. Neisseria 
gonorrhoeae was cultured on GC agar supplemented with 1% Isovitalex 
and 2% haemoglobin, incubated at 37°C in an atmosphere of 5% carbon 
dioxide in air for 24 h. Patients whose exudates had no diplococci 
but who fulfilled criteria (ii) to (vi) above were diagnosed as 
suffering from NGU. If that condition swiftly followed a first attack 
of gonorrhoea they were regarded as having postgonococcal urethritis. 
Patients who had no symptoms or signs of urethritis or discharge were 
used as a control group.
.After initial diagnosis, patients were sampled by inserting 
consecutively three nasopharyngeal alginate-wool swabs into the urethra 
(see 2.2.3). The first swab was used for the isolation of C. trachomatis, 
U. urealyticum and M. hominis. After insertion, the swab was agitated 
and expressed in 2 ml of sucrose-phosphate transport medium containing 
10% foetal calf serum (2SP) without antibiotics. It was discarded and 
the specimen stored immediately in liquid nitrogen in the clinic and 
subsequently in the laboratory, until required for the cultivation of 
the organisms mentioned above. The second swab was streaked immediately 
on pre-reduced anaerobic blood agar (EBHIA-FF) in the clinic. The third 
was placed in liquid transport medium, TDM IV (see 2.2.1).
Positive control samples were sometimes included to test the 
transport system. Strains of B. ureolyticus were grown on EBHIA-FF as 
pure cultures, and the organisms were suspended in 5 ml of pre-reduced 
TYG medium containing 5% laked sheep blood. Aliquots of 0.2 ml were 
dispensed in polycarbonate vials (2 ml) and frozen in liquid nitrogen. 
Some were kept at the VD clinic and some in the research laboratory 
until required.
In the clinic, a frozen sample (0.2 ml aliquot) was quickly thawed 
and added to a vial of the transport dilution-medium at the start and
end of the clinic session. This procedure was carried out simultaneously 
as patients were sampled, and the swab specimens were held anaerobically 
in the transport medium. All the samples were then transported in Gas-Pak 
jars within 5 h of collecting and taken inside an anaerobic chamber or 
glove box. In the laboratory, a corresponding positive control sample 
suspended in transport dilution-medium, and held anaerobically for 4 h 
was treated as above. The samples were diluted and cultured by the same 
methods described in the preliminary clinical sampling survey. In.addition, 
viable counts of the control samples were made by the Miles & Misra 
technique. The new selective blood agar medium was also included for 
the isolation of the NGU-associated strains of B. ureolyticus. Details 
of the formulation of the medium are given in Appendix A .
Following incubation at 37°C for 5 days, plate cultures of the 
clinical samples were examined for growth and colony morphology on ETSDA, 
EBHIA-FF and selective media. Pure cultures of anaerobes were subsequently 
obtained, and a sensitivity plate culture of each strain was prepared by 
spreading a single colony over the entire surface, and the application 
of sensitivity discs of metronidazole (5pig) and vancomycin (5pg). Organisms 
were checked for purity by Gram stain, and stored at -70°C as previously 
described.
3.3 Treatment after sampling at 1st and 2nd visits
On their first visit to the clinic, patients with NGU or PGU were 
routinely given 300 mg triple tetracycline or 250 mg oxytetracycline 
twice daily for seven days (Willcox, 1972). Those with gonorrhoea were 
treated with 480 mg co-trimoxazole twice daily for seven days. Patients 
who returned seven days after their first visit to the clinic were 
examined as before and questioned about the nature of their condition
with regard to any residual symptoms. The patients were sampled and 
swabs collected for bacterial culture as previously described. If 
partial improvement or no improvement was noticed, the antibiotic regimen 
was altered to 200 mg triple tetracycline and metronidazole each or 
250 mg erythromycin three times daily for seven days. The procedure 
employed for the clinical sampling of patients with NGU is illustrated 
(see Fig. 9).
3.4 Isolation and identification of the NGU-associated strains of
B. ureolyticus
Among the many anaerobes isolated from the urethral samples of 
men with NGU, the NGU-associated strains of B. ureolyticus occurred 
in 56% of men who were chlamydia-negative compared to 28% of men who 
were chlamydia-positive and only 13% of controls. Moreover, 60% of 
men who were culture-negative for both chlamydiae and ureaplasmas 
harboured these organisms and so did 75% who had a first attack of NGU.
In general, strains of this anaerobe, growing on haemin-menadione blood 
agar, were small and pinpoint on primary isolation. They also displayed 
synergism with anaerobic Gram-positive cocci (G. anaerobia). However, 
growth was enhanced and appeared non-synergistic on formate-fumarate blood 
agar. The organisms were also asaccharolytic, and oxidase- and urease- 
positive. Culturally, morphologically and biochemically they had 
characteristics common to reference strains of both B. ureolyticus 
and W. succinogenes. Unlike the latter, however, the NGU-associated 
strains exhibited only 'twitching' motility (Henrichsen, 1972; 1975), 
compared with the classical form of motility usually referred to as 
darting or swimming. As a result, they were observed to possess many 
polar pili but no flagella as demonstrated in this study.
1 st visit 2nd visit
Transport medium +  
inoculum from swab
Direct plating 
ENT 'serum-swab'
Transport medium +  
inoculum from swab
Patient
on 2 media inoculate 3 media
inoculate 
2 media
1. Non-selective (ETSDA)
2. FF enhanced (EBHIA)
1. Non-slective (ETSDA)
2. FF-enhanced (EBHIA)
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antibiotics }EBHIA-FF
1. Non-selective (EBHIA-FF)
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antibiotics
VC
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Fig. 9. Diagram to illustrate the procedure used for clinical 
sampling of patients with non-gonococcal urethritis. 
Key for abbreviations: ENT = nasopharyngeal; ETSDA =
enriched tryptone-soya dextrose agar; FF = formate- 
fumarate; EBHIA = enriched brain heart infusion agar.
S E C T I O N  F O U R
CLASSIFICATION
4.1 Numerical taxonomic study: relevance to the classification of
NGU-associated strains of B. ureolyticus
Numerical taxonomic study is based on the Adansonian principle 
that, given equal weighting, the taxonomic distances or relationship 
between organisms could be expressed numerically, provided that a 
large number of characters are studied. The development of this method 
has been the work of various authors (Sneath, 1957; Ainsworth & Sneath, 
1962; Sokal, 1965; Mandel, 1969; Lokhart & Liston, 1970; Sneath & 
Johnson, 1972; Sneath & Sokal, 1973).
A numerical taxonomic study was undertaken to classify the strains 
of the Gram-negative anaerobe isolated from men and women with lower 
genital-tract infections namely, cases of NGU and NSV. This study was 
considered necessary because organisms of this group of anaerobes behaved 
differently from other organisms of related genera in biochemical 
characterisation tests. Yet, some of these tests showed that strains 
of clinical isolates had many characteristics in common with reference 
strains of B. ureolyticus (NCTC 10941 and NCTC 10948). The phenotypic 
resemblance between these strains was striking and the organisms were 
also indistinguishable on the basis of their guanine plus cytosine 
(G + C) base composition and ultrastructural features. However, the 
latter organism has had an ill-defined taxonomic status, and until 
recently, was generally referred to as B. corrodens, or anaerobic Gram- 
negative 'corroding bacillus' (Jackson et al., 1971). Although these 
authors (Jackson & Goodman, 1978) proposed the name of B. ureolyticus, 
their approach to this nomenclature was not derived from numerical or 
other taxonomic studies. In view of its low DNA (G + C) base composition 
of 28-30 mol%, some investigators now believe B. ureolyticus to be 
inappropriately placed in the genus Bacteroides, the species of which
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possess a wide range of G + C base composition (28-61 mol%) (Shah & 
Collins, 1983).
In order to define this and other phenotypically-related groups, 
a numerical taxonomic analysis based on the unweighted pair group 
average linkage (UPGMA) classification was performed (Sneath, 1972;
Sneath & Sokal, 1973). This taxonomic approach was used therefore 
to investigate the relationship between the NGU-associated and reference 
strains of B. ureolyticus, unclassified laboratory strains of 
ureolyticus isolated from skin abscesses and conditions of 
bacterial vaginosis, and other similar strains encountered 
in clinical situations, such as Wolinella succinogenes and Mobiluncus 
species. In addition, the phenotypic features of these organisms 
were compared with those of reference species of Bacteroides and 
Fusobacteria, and two facultative anaerobes, viz. Eikenella corrodens 
and Campylobacter spp. This study was not intended to redefine or 
reappraise the taxonomic status of B. ureolyticus, but to assess the 
nomenclature of the NGU-associated strains.
Electrophoretic protein profiles are often valuable in the 
characterisation of bacteria at both the species and genus levels 
(Kersters & De Ley, 1980). Therefore, in attempting to define and 
classify the NGU-associated strains, their protein mobilities were 
also compared with those of reference strains of B. ureolyticus 
(NCTC 10941, type strain; NCTC 10948) , by the method of sodium dodecyl 
sulphate polyacrylamide gel electrophoresis (SDS-PAGE).
Studies of bacterial nucleic acids (DNA) and DNA homology have 
often been used to indicate relationships among and within strains, 
to establish genospecies and to enable selection of those phenotypic 
tests which are most useful for the reliable identification of new
isolates (Johnson, 1973). However, the methods used to evaluate DNA 
homology could greatly influence the interpretation of results (Johnson, 
1981). Using the membrane filter method of DNA-DNA hybridization,
Taylor et al. (1986) recently showed striking similarities and 
relatedness among the NGU-associated and reference strains of 
B.' ureolyticus.
4.1.1 Sources of strains
The strains are listed in Table 34 (see Section 6.6). The 
majority of the bacterial strains were clinical isolates from men 
with NGU, tentatively identified as B. ureolyticus. They were stored 
in laked horse or sheep blood at -70°C. Sixty-four of these strains 
were included in the computer analysis, as well as three similar or 
closely-related strains isolated from women with bacterial vaginosis 
(BV), and two laboratory strains of B. ureolyticus (B. corrodens).
Two reference strains including the type strain of B. ureolyticus 
were obtained from national collections. Other related reference 
strains obtained from national or private collections are also listed. 
These included reference species of Bacteroides, Fusobacteria, 
Campylobacter and E. corrodens. Among the private collections were 
nine unclassified strains originally isolated from women with BV 
(anaerobic curved rods, or Mobiluncus spp. gen. nov.) received as 
lyophilised or freeze-dried cultures. All the strains were clinical 
samples except for one strain isolated from the genital tract of a 
laboratory female hamster.
4.1.2 Temperature of incubation
In general, all cultures were incubated anaerobically at 37°C
except for those in tests of the ability of NGU-associated strains 
of B. ureolyticus to grow at 43°C. At this temperature, these 
organisms invariably grew very slowly, so that the incubation period 
had to be prolonged for at least 7 days.
4.1.3 Aerotolerance of strains
All the strains and species of anaerobes used in the study were 
inoculated on a supplemented blood agar medium using brain heart 
infusion agar base (EBHIA-FF). They were examined for growth following 
incubation at 37°C in air, in air plus 10% carbon dioxide, and in a 
mixture of gases consisting of 5% 02, 10% C02, 2% H2 and 83% N2, the 
growth medium being supplemented with formate and fumarate, acting as 
additional growth factors.
4.1.4 Maintenance of strains
The anaerobic strains were maintained and stored as previously 
described in Section 2.4.2. However, the reference strains of 
Campylobacters were grown and maintained by subculture on CBA in 
a microaerophilie environment containing 80% N2, 5% H2, 10% C02 and
5% 02.
4.1.5 Culture media
The bacterial strains were cultured on supplemented blood a^ar 
(EBHIA-FF/ETSDA-FF) and in broth EBHI-FF/ETSB-FF) as described in 
Appendix A. -These were the basal media used in the majority of the 
tests.
4.1.6 Tests and testing conditions
All tests were incubated anaerobically at 37°C unless otherwise 
stated. Media were invariably modified to meet bacterial growth 
requirements, and very few commercially prepared media were used. 
Details of the composition and preparation of media not commercially 
obtained are given in Appendix A. All the tests were examined for 
the stated specified period. The tests, their code numbers and the 
incubation period used for the computer analysis are .listed in Table 35 
(see also Section 6.4.11). In all cases, uninoculated controls were 
incubated with the tests.
4.1.7 Colonial characteristics
Organisms were streaked for single colony formation on supple­
mented blood agar media, on plain commercially prepared, Columbia 
blood agar, and on selective blood agar as described previously.
The plates were incubated anaerobically at 37°C for 4-5 days and 
examined for growth and colony form. Colonies were observed for 
fluorescence under ultra-violet radiation on media subjected to 
prolonged incubation. The ability of organisms to spread, corrode 
agar, and to lyse sheep erythrocytes, was also noted.
4.1.8 Characteristics in liquid culture
These were examined in 4-day anaerobic cultures in supplemented 
and unsupplemented media, namely TYG and brain-heart-infusion broths 
(BHI) (Qxoid)-. The TYG medium was supplemented with (i) 0.005% 
vitamin K3 (menadione), (Sigma); (ii) 0.005% haemin hydrochloride, 
and (iii) heat-inactivated 1% bovine serum (Qxoid). The BHI was
supplemented with 0.3% sodium formate and 0.3% sodium fumarate 
(BHI-FF) (Sigma). Growth characteristics denoted by the presence 
of a deposit and degree of turbidity were recorded, and Gram stains 
were prepared (Preston & Morrell, 1962). Organisms taken from plate 
cultures were also Gram stained, and the term 'gram-variable' was 
used to indicate those showing both positive and negative cells 
simultaneously.
4.1.8.1 Motility. Anaerobic cultures of the organisms in TYG or 
Bacto-SIM (Difco) media supplemented with formate-fumarate were 
examined microscopically for motile cells by the hanging-drop method 
(see 2.4.4.6). Those organisms confirmed as exhibiting "twitching" 
motility (Henrichsen, 1975; 1983) due to polar pili, in contrast to 
classical motility by flagella, were also assigned a positive score 
by this method.
4.1.9 Biochemical and physiological tests
The following tests used in the numerical taxonomic analysis have 
all been fully described in Section 2.4.4 under the heading, 
'Characterisation of strains', and they will not be described further. 
These are: aesculin hydrolysis, amino-acid decarboxylation, antibiotic
resistance, bile salts inhibition, catalase production, reduction 
of dyes, resistance to dyes, dextran hydrolysis, constitutive enzyme 
(API-ZYM) activity, production of gas from glucose, gelatin lique­
faction, haemolysis, hydrogen sulphide from cysteine and thiosulphate, 
indole, lecithinase, lipase production, nitrate reduction, oxidase, 
acid production from carbohydrates and urease. These and other 
additional tests described below are listed in Table 35.
4.1.9.1 Crossley milk medium. Acidity; alkalinity and digestion 
of milk were observed in Crossley milk medium (Oxoid) supplemented 
with 0.2% sodium formate and 0.3% sodium fumarate, after anaerobic 
growth at 37°C for up to 14 days. A positive reaction was indicated 
by a yellow discolouration (acid) of the purple medium (alkaline). 
Digestion was deemed to have occurred if there was a clear, colourless 
liquid.
4.1.9.2 Formate-fumarate requirement. A loopful of organisms growing 
on plate cultures was used to inoculate each of 4 ml BHI broth, TYG 
broth in bijoux, and solid media, all of which were supplemented with 
0.2% sodium formate and 0.3% sodium fumarate. These and non-supplemented 
media (controls) were compared for degree of growth after anaerobic 
incubation at 37°C for 4-5 days.
4.1.9.3 Stimulation of growth by nitrate. Suspensions of the various 
bacterial strains were prepared in PBS and 2 drops (0.04 ml) were used 
to inoculate 2 ml of Bacto-nitrate broth (Difco), or BHI medium 
containing 0.1% sodium nitrate. Cultures were examined for an 
increase in turbidity when compared with uninoculated and inoculated, 
non-supplemented media after 4 days anaerobic growth at 37°C.
4.1.9.4 Gas liquid chromatography. Analyses of bacterial metabolic 
end-products from the metabolism of fumaric acid were studied in
4 day-old BHI-FF broth cultures. Ether extraction and methylation 
of acidic metabolic components from the culture were performed as 
described by Holdeman & Moore (1977). Chromatography was performed 
with a Pye-Unicam 104 chromatograph with a dual flame ionisation 
detector. This was fitted with a 5' x 4 mm diameter glass column 
packed with "Gas Chrom Q" treated with 2% phosphoric acid and 10%
20M carbowax (Phase Separations Ltd., Deeside Industrial Estate, 
Queensferry, Clwydd CH5 2LR).. The operating column temperature was 
100 °C and the oven temperature was 135°C. The carrier gas was oxygen- 
free nitrogen (600 ml/h), and 1 pi of sample was injected. An 
uninoculated BHI-FF blank was tested to detect the presence of 
contaminating acids for comparison with tests. Identification was 
achieved by comparing the retention times of the end-products of tests 
with those of standard mixtures or solutions. Formic acid was not 
detected by the gas chromatograph equipped with a flame-ionisation 
detector.
4.1.10 Coding of characters
The data were coded as two-state or binary characters (Sneath, 
1957; Sneath & Sokal, 1973). Each character or feature was scored 
as either 0 for a negative or 1 for a positive reaction. In a 
preliminary analysis, all strains in duplicate were tested for 107 
characters to determine the experimental error or reproducibility of 
the test results. The results of all 96 strains were then scrutinised 
for tests which gave the same results for a particular test. Five 
tests were constant so that they were not scored for this reason and 
were excluded from further taxonomic analysis. These were: dextran 
hydrolysis, lecithinase production, brown or black colony colour, 
cystine arylamidase activity and esterase C4 production. They all 
gave negative reactions, except the last. In addition, eleven other 
test characters were not included in the coded data for further 
analysis because of their lack of reproducibility (variance >0.1, 
Sneath & Johnson, 1972) (see Reproducibility in Results Section).
4.1.11 Cluster analysis
The taxonomic analysis was based on 91 character states and 96 
strains, or operational taxonomic units (OTUs), each strain being 
analysed from one random set of the original coded data. The phenetic 
resemblance for each strain was calculated in three ways: (i) the
simple matching coefficient, (Sokal & Michener, 1958; Sneath &
Sokal, 1973), in which both positive and negative matches are considered,
(ii) the Jaccard coefficient, ST (Sneath, 1957; Sneath & Sokal, 1973), inJ #
which negative matches only are excluded, and (iii) the pattern difference 
coefficient, Dp (Sneath & Sokal, 1973), which takes into account strains 
that are metabolically inactive. Each resemblance matrix was sorted 
using the unweighted pair group method with arithmetic averages (UPGMA) 
(Sokal & Mitchener, 1958; Sneath & Sokal, 1973), and the cluster 
analysis was performed using the CLUSTAN package, version 2, release 1 
(Wishart, 1982) on the Prime 750 computer system at the University of 
Surrey. The cophenetic correlation coefficient (Sokal & Rohlf, 1962) 
was used to calculate the agreement between the resemblance matrices, 
and the dendrograms (phenograms) derived by the UPGMA clusterings. The 
confidence limits of the resenblance coefficients were estimated as the 
sum of the effects on the similarity coefficient of the experimental 
error (Sneath & Johnson, 1972) and the sampling error (Goodall, 1967).
The frequency of occurrence of the characters in the groups or phenons 
was established, and dendrograms of the grouping or clustering of strains 
at different degrees of similarity are illustrated (Figs. 15-18), and 
described (see Results Section 6.6).
A calculated group median organism (GMO) for phenon A equivalent 
to type-species rank was calculated (Liston et al., 1963), and the 
dimensions of the taxo-species were calculated as a measure of the
phenetic variation of the taxon. The range of variation within the 
taxo-species was obtained by assuming that the similarity values of 
the strains to the GMO showed a normal distribution curve around the 
mean similarity to the GMO at about 99% ± the standard deviation 
obtained by computing for the group members ordered according to their 
dissimilarity to the group median organism.
Distinguishing and determining features, suitable for providing 
an identification scheme were selected by comparing the total array 
of characters for each cluster. The construction of a diagnostic, 
table of differential characters for the anaerobes studied was made 
on the basis of their constancy within the taxa.
4.1.12 Computation and identification programs
Data for the computer analysis were derived from two identification 
programs, GPROPS and GBEST developed at the University of Surrey by 
Dr. T.N. Bryant. The GPROPS sorted each individual strain according 
to its similarity to the group mean or median organism, and selected 
the properties of each phenon or group. The GBEST program selected 
the best diagnostic characters for distinguishing phenons from each 
other.
4.2 Ultrastructure - characterisation of NGU-associated strains
and reference strains of B. ureolyticus
The Gram-negative isolates of B . ureolyticus were fastidious 
in that they required a low oxidation-reduction potential (E^ ) for 
survival in liquid transport media; and in their nutritional require­
ment for additional energy metabolites such as formate and fumarate.
Strains of this anaerobe showed a tendency to form 'spreading' 
colonies which appeared to depress or corrode the agar medium.
This phenomenon was not observed with growth on formate-fumarate 
supplemented anaerobic agar on primary isolation. However, for a 
few strains, growth on non-supplemented, non-reduced blood agar 
resulted in colonies showing concentric rings and a thin periphery 
in a slight depression in the agar. The ability to corrode agar on 
primary isolation has been described for other anaerobes such as 
W. succinogenes (Tanner et al., 1981) and B. ureolyticus, formerly 
B. corrodens (Jackson & Goodman, 1978). Both organisms have many 
characteristics in common with the NGU-associated strains. However, 
studies on the characterisation of W. succinogenes (Tanner et al.,
1981; Lai et al., 1981) have shown these organisms to be motile by a 
single, polar flagellum, Conversely, the NGU-associated strains of 
B. ureolyticus exhibited a form of active surface translocation called 
twitching motility (Henrichsen, 1972; 1975; 1983). Twitching motility 
has been associated with polar pili or fimbriae, and the production of 
spreading colonies (Smith, 1982; Henrichsen, 1983).
These characteristics were observed for strains described as 
B. ureolyticus, although they have been reported as non-motile (Jackson 
et al., 1971; Jackson & Goodman, 1978). The spreading nature of 
these organisms led to the search for flagella or extra-cellular 
appendages. In addition, the NGU-associated strains of B. ureolyticus 
were characterised by comparing their ultrastructural features with 
those of reference strains of B. ureolyticus (NCTC 10941 and 10948) , 
organisms which were closely related and might belong to the same 
species.
Thirty strains isolated from the urethra of men with NGU were
studied. Other organisms used for comparison were the NCTC strains 
above. Strain NCTC 10941 was isolated originally from amniotic fluid 
at the Misericordia Hospital, Edmonton, Canada. Strain NCTC 10948 
(= NC-1) was isolated originally from the vagina (Robinson & James, 
1973). A laboratory strain of B. ureolyticus (B. corrodens) supplied 
by the Department of Medical Microbiology, Northwick Park Hospital, 
Harrow, Middlesex, was also included.
4.2.1 Isolation and cultivation of strains
Media for the isolation, maintenance and cultivation of the 
micro-organisms studied are described in Section 2.4.1. Organisms 
for electron-microscopy were obtained from stock cultures, kept viable 
by frequent subculturing, and maintained in an anaerobic chamber at 
37°C. However, fresh cultures were prepared for negative staining 
and ultrastructural studies. In the former, a simple basal liquid 
medium, TYG, was used, but in both cases, media were supplemented 
with formate and fumarate which acted as additional growth factors. 
Pure cultures of the organisms were allowed to grow anaerobically 
at 37°C for 4 days.
4.2.2 Light microscopy
Gram stain. Cells of the various bacterial strains were obtained from 
both agar and broth cultures. Smears were made on grease-free slides 
and Gram-stained (Preston & Morrell, 1962). Cells were examined 
initially by oil immersion (100 x objective) with a Nikon microscope, 
and photomicrographs were produced using a Zeiss microscope.
4.2.3 Albert's and Sudan Black stains
Suspensions of organisms prepared in physiological saline from 
3-5 day-old plate cultures were smeared on glass slides. They were 
heat-fixed and stained with Albert's stain for metachromatic or volutin 
granules; those for lipid granules were stained with Sudan Black . 
(Burdon's method, 1946), and examined microscopically. These methods 
are fully described in Cruickshank's "Medical Microbiology" (Cruickshank, 
1968).
4.2.4 Capsule stain
To demonstrate the presence of an extracellular layer (capsule), 
India-ink preparations were made from organisms obtained from both 
agar and broth cultures. Each strain was mixed in a drop•of India-ink 
placed on a microscope slide. Both positive (Klebsiella pneumoniae) 
and negative (E. coli) controls were set up simultaneously. All the 
samples were examined by phase contrast microscopy with a Nikon 
microscope. Photomicrographs were made only if test organisms gave 
a positive reaction.
4.2.5 Electron microscopy
Glutaraldehyde-H.CHO fixation. Organisms on centimetre-square blocks 
of agar carrying colonies of B. ureolyticus (NCTC 10941 & 10948), and 
the NGU-associated strains of B. ureolyticus were fixed immediately 
with a freshly prepared mixture of 3% sodium glutaraldehyde (vol/vol) 
and 3% formaldehyde, in 0.05 M sodium cacodylate containing 0.08 M 
potassium chloride and 0.01 M magnesium acetate buffer, pH 6.2 
(Karnovsky, 1965). After postfixation in Kellenberger fixative for
16 h the cells were soaked in 0.5% uranyl acetate in Kellenberger 
buffer for 2 h in the dark, dehydrated in graded solutions of ethanol 
and embedded in Spurr resin.
4.2.5.1 Ruthenium red fixation and staining. NGU-associated strains 
and reference strains of B. ureolyticus (NCTC 10941 & 10948) were 
stained with ruthenium red for the demonstration of acidic polyanionic 
polymers such as mucopolysaccharides, which probably represent micro­
capsules or pseudocapsules. Organisms on centimetre-square blocks
of agar carrying colonies were fixed immediately at room temperature 
for 3 h in a freshly prepared fixative mixture containing 3% glut- 
araldehyde in 0.1 M sodium cacodylate buffer, pH 7.4, and a filtered 
solution of 0.05% ruthenium red in distilled water. The fixed 
organisms were washed twice and postfixed for 3 h in a mixture of 
2% osmium tetroxide and 0.05% ruthenium red in 0.1 M cacodylate 
buffer, pH 7.4. The organisms were then dehydrated in graded solutions 
of alcohol and embedded in Spurr resin.
4.2.5.2 Negative staining. Organisms were grown for 3 days in TYG 
broth containing formate and fumarate (0.3%). They were negatively 
stained as follows: copper grids'of 400 mesh with a formvar-carbon
film were floated in a drop of the bacterial culture on a slide for 
2 min. They were floated subsequently in a drop of 3% glutaraldehyde 
prepared in 0.1 M sodium cacodylate buffer (pH 7.4) for 2 min. The 
grids were blotted, then transferred successively to three separate 
drops of distilled water and air-dried. Some were shadowed at 40°C 
with carbon-platinum in an Edwards 306 A carbon-coater. Others were 
dipped in 0.5% or 1% potassium phosphotungstic acid (pH 6.5). They 
were blotted again and air-dried.
Ultrathin sections from these preparations were cut on an LKB 
Ultratome III. They were mounted on bare grids, stained with uranyl 
acetate and lead citrate, and examined in a Philips EM300 transmission 
electron microscope. Electron micrographs of the bacteria were prepared 
using a magnification calibration standard for each set of micrographs. 
Measurements were made from organisms sectioned transversely as 
determined from the micrographic clarity of the peripheral layers, 
including the cell membranes.
4.3 Electrophoretic analysis of proteins (SDS-PAGE)
Proteins in a mixture when placed in an electric field, will 
migrate at different rates towards one of the electrodes. Sodium 
dodecyl sulphate, polyacrylamide gel electrophoresis (SDS-PAGE) was 
used to analyse the protein profiles of the NGU-associated strains 
of B. ureolyticus in comparison with reference strains of B. ureolyticus. 
The aim was to determine whether the former could be grouped on the 
basis of similar patterns of their major cellular proteins, or whether 
the patterns resembled.the latter-, and could possibly differentiate 
between the species. '
This method engenders the polymerisation of acrylamide and bis- 
acrylamide as a supporting medium for the separation of proteins and 
protein mixtures according to both their charge densities and size.
The SDS denatures the proteins and different sized ones show different 
mobilities in an electric field. The use of SDS offers a convenient 
way of determining the molecular weight of the unknown proteins 
compared with the electrophoretic mobility of standard proteins of 
known molecular weight. The relative mobility (Rf) of the unknown 
can then be determined by reference to the relationship of the distance
migrated by the unknown protein, to the*distance migrated by a 
marker protein or tracking dye.
4.3.1 Preparation of protein samples
Strains were grown on EBHIA-FF supplemented with 5-10% sheep blood 
at 37°C anaerobically for 4 days. The bacterial growth was adsorbed 
on a cotton wool swab and suspended in 4 ml of sterile deionised 
water in bijoux. The organisms were harvested by centrifugation at 
4000 rpm for 15 min followed by further washes in PBS (pH 7.4). The 
final cell pellet was resuspended in 0.5 ml of deionised water, and 
the suspension kept frozen at -70°C overnight. It was thawed slowly, 
and an aliquot of 100 pi was denatured by boiling with 30 pi SDS (25%) 
for 3 min. On cooling, 10 pi was used for protein estimation according 
to the method of Lowry et al. (1951), and the rest was stored at -20°C 
until required.
The protein samples for electrophoresis were adjusted to 60 pg, 
an equivalent volume being added to an equal volume of sample buffer 
prepared as follows: Tris-HCl 0.0625 (pH 6.8); SDS 2%; 2-mercapto-
ethanol 5%; sucrose or glycerol 10%; and bromophenol blue 0.002%.
This mixture of test sample and sample buffer was heated for 1-3 min. 
before application to the gels.
4.3.2 Electrophoresis
Polyacrylamide gel electrophoresis (PAGE) analysis of whole cell 
protein extracts was carried out using a Protean Dual Vertical Slab 
Cell (Bio-Rad Laboratories Ltd., Holywell Industrial Estate, Watford, 
England). Reagents for the 10% SDS separation gels (12.5 cms long)
were prepared for 2 gels as follows: 20 ml 30% acrylamide containing
0.8% bis-acrylamide, 7.5 ml 3.0 M Tris-HCl (pH 8.8); 0.6 ml 10% SDS;
28.9 ml distilled water; 3 ml freshly prepared ammonium persulphate;
30 pi N,N,N' ,N1 -tetramethylethylene diamine (TEMED). The SDS and 
TEMED were added after the mixture was degassed under vacuum.
The gels were cast and allowed to polymerise at room temperature 
with an overlay of distilled water or water-saturated butanol.
Following polymerisation, the water-over lay was decanted and the top 
of the resolving gel freshly overlaid with a stacking gel (3.5 cm deep) 
prepared and cast to the formula for 2 gels as follows: 5 ml 30%
acrylamide; 10 ml stacking gel buffer (0.5 M Tris-HCl, pH 6.8);
22.6 ml distilled water. This solution was degassed as before and 
0.4 ml 10% SDS, 2 ml 1.5% ammonium persulphate, and 30 pi TEMED were added 
and the gels cast with combs in position. When polymerisation of the 
stacking gel was complete, the combs were removed, and the wells flooded 
with reservoir buffer (0.25 M Tris-HCl, 1.92 M glycine, 1% SDS pH 8.3). 
SDS-prepared protein samples were loaded on to each of the wells.
Protein standards ranging from 10000 to 250000 daltons (Bio-Rad) and 
an internal control, B. ureolyticus (type strain), were run on each 
gel for molecular weight and pattern comparisons. Electrophoresis 
was carried out at a constant current of 30 mA per gel running at 
room temperature. The starting voltage (2 gels) was approximately 
100 V rising to between 250 and 350 V over 3h h, a time required for 
the indicator dye to run a 12-cm distance from the stacking gel (interface 
with resolving gel).
The gels were stained overnight in 0.1% Coomassie Blue R250 (Bio-Rad) . 
in 50% methanol, 20% acetic acid, 50% distilled water, then destained in 
a mixture of 30%methanol, 20% acetic acid and 50% distilled water until
they were clear. The gels were photographed on glass plates or
dried between filter paper sheets on an LKB gel slab drier (Bio-Rad)
for 2 h. The protein profiles among strains and of two known reference
strains of B. ureolyticus (NCTC 10941 and NCTC 10948) were compared
visually. The relative protein mobilities (Rf values) and molecular
weight differences were determined using standards of known molecular
weight in order to assess pattern and variation among strains. The
relative mobilities are given by:
Rf value = Distance moved by proteins in profile 
Distance moved by the. tracking dye.
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PATHOGENICITY STUDIES
5.1 Serology - the occurrence of serum antibodies to NGU-associated
strains of B. ureolyticus in patients with and without NGU
The increased knowledge of non-sporing anaerobes, their occurrence, 
cultivation, and identification have presented investigators with problems 
relating to their pathological importance. Many severe infections have 
been associated with species of Bacteroides, especially the fragilis- 
group, as they frequently occur in clinical infections, and also form 
part of the indigenous microflora of the genital and intestinal tracts, 
the upper respiratory tract and the mouth (Felner & Dowell, 1971;
Nobles, 1973; Gorbach & Bartlett, 1974; Smith, 1975; Kasper, 1976; 
Elhag et al., 1977; Lindberg et al., 1979). As a result, antibody 
responses to anaerobic infections by B. fragilis, Fusobacterium varium 
have been reported (Danielsson et al., 1974; Rissing et al., 1974;
Lambe et al., 1975; Schwann & Ryden, 1978; Persson & Danielsson, 1979). 
Other investigators have described the antibody levels to B. melanino- 
genicus, B. fragilis, F, nucleatus in normal human subjects (Courant 
& Gibbons, 1967; Quick et al., 1972; Hofstad, 1977). For these 
investigations, many serological techniques have been used, namely: 
tube agglutination, passive haemagglutination, agar gel diffusion 
and indirect fluorescence. However the antibody response to infection 
with B. ureolyticus, especially that in the lower genital tract 
(NGU) of men has not been investigated. The categorisation of other 
micro-organisms, namely C . trachomatis and U. urealyticum, as 
aetiological agents of NGU has been helped by antibody studies in 
patients with the disease (Philip et al., 1974; Thomas et al., 1976; . 
Taylor-Robinson & Thomas, 1980; Evans & Taylor-Robinson, 1982;
Treharne et al., 1983). In order, therefore, to help to define the 
role of B. ureolyticus in NGU, patients with the disease, and in whom the
organisms were isolated, were tested for serum antibodies by the 
application of the indirect immunofluorescence test (IFLT). The 
reaction and interaction between the bacterial antigens, globulin 
and/or antiglobulin is shown in Fig. 10. This test was developed 
by Coons et al. (1941), Weller & Coons (1954). The use of fluorescent 
antibody techniques (Coons, 1951) has often been used for the detection 
and identification of pathogens in infection. The studies were 
corroborated with the testing for serum antibodies of sexually-active 
adult patients attending venereal disease clinics with and without 
NGU, those attending rheumatology clinics with or without suspected 
Reiter's disease, and patients attending a general hospital for various 
disorders. The immune response of these patients was followed during 
the course of the disease, for a period of time. The implications of 
the findings for NGU in men are discussed.
5.1.1 Cultivation of bacterial strains
Bacterial strains identified as B. ureolyticus were isolated from 
men with NGU. They were grown and maintained as pure cultures on 
EBHIA-FF at 37°C anaerobically by fortnightly subcultures.
5.1.2 Patients and clinics
Patients with NGU and/or Reiter's disease were examined at two 
venereal disease clinics, namely, St Mary’s Hospital, London, and 
Shrodells Hospital, Watford, Herts. Urethral swabs for bacterial 
culture and blood samples for serology were collected from them.
Other patients used in the study were those attending a general hospital 
(Northwick Park, Harrow) for various complaints other than venereal 
disease.
Fluorescein isothiocyanate 
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Fig. 10. Diagram illustrating indirect staining reaction of 
bacterial antigen, globulin/antiglobulin.
Sera samples were obtained from 204 men with NGU including 10 
with Reiter's disease, 170 men with no symptoms and 108 patients 
with various complaints that were non-venereal in origin.
5.1.3 Preparation of antigens
Pure cultures of NGU-associated strains of B. ureolyticus
cultivated anaerobically for 3 days on EBHIA-FF were suspended in
sterile PBS, pH 7.2. The untreated, whole bacterial cells were
centrifuged at 4000 rpm for 20 min. in a Minor bench centrifuge (MSE).
The supernatant fluid was decanted, and the crude bacterial cells were
washed twice in PBS, then resuspended in 1 ml of PBS to a concentration
8of approximately 10 cells/ml (McFarland's turbidity tube No. 5). This 
antigen preparation was stored in 0.2 ml aliquots at -20°C.
5.1.4 Preparation of antisera in rabbits
Antisera were prepared by inoculating the crude antigen pre­
paration into two New Zealand White rabbits (2.5-3 kg) as follows: 
Number One. Blood for pre-immune serum was collected from the ear
lobe, initially. This rabbit was injected subcutaneously with 2 ml
8of live organisms (10 /ml) of strain PIN8. This was followed by 2 ml
of heat-killed preparation with Freund's complete adjuvant after
2 weeks, then 1 ml intravenously weekly for 3 weeks.
Number Two. Preimmune blood for serum was collected as before. This
rabbit was inoculated intradermally with 0.1 ml of a heat-killed
8preparation of organisms (10 /ml of strain P4N15) over 10 areas of 
its flanks. This was followed by further doses of 0.1 ml of bacterial 
suspension weekly for 4 weeks. In both cases, the rabbits were 
exsanguinated and sera obtained from the blood were stored in aliquots
90
of 1 ml at -20°C.
5.1.5 Fluorescein-labelled conjugate
Antihuman globulin (2 ml IgG) prepared in sheep and conjugated 
with fluorescein isothiocyanate (Miles Scientific, Slough, Bucks.)
(see Fig. 10) was stored in 0.1 ml aliquots at -20°C. The antihuman 
IgG conjugate had a molar F/P ratio of 2.9 and an antibody content 
of 3.3 mg/ml. A working dilution of 1:20 in PBS was chosen as the 
ideal concentration giving a good resolution between antibody- 
positive and antibody-negative sera. All subsequent testing of 
sera was performed using the same antigens and the same dilution 
of conjugated antiserum.
5.1.6 Indirect immunofluorescence
A microimmunofluorescence test (MXFT) described by Thomas et al. 
(1976) with the indicated modifications was employed. A number of 
antigens were tested initially from which three giving strong positive 
fluorescence were selected for subsequent tests. Teflon-coated 
grease-free slides (76 x 38 x 1 mm) were prepared as follows: Drops
of glycerol from a specially-made template were placed on the plain 
slides (Raymond Lamb, Sunbeam Road, London) to form 3 rows of 8 wells 
each (see Fig. 11). The slides were sprayed with a teflon material 
such as 'KlingerfIon' (Marshall Hewlett, Gravesend, Kent) which coated. 
the whole slide except the area covered by glycerol. The coating 
dried quickly and the glycerol, was washed off first in tap, then in 
distilled water. The slides were immersed in acetone for 2 min. to 
remove traces of glycerol, then air-dried.
(a) Perspex-made template for 
application of glycerol drops 
to glass slides
(b) Clean glass slide with 'wells' 
made f rom glycerol drops and 
teflon material
Fig. 11. Diagram of template and rows of wells made on glass slide 
for indirect microimmunofluorescence test.
Frozen aliquots of the prepared antigens were thawed, mixed 
thoroughly and spotted carefully with a mapping pen within the wells 
on the Slide. The antigens were air-dried, then fixed in acetone 
for at least 30 min. >
Patients' sera and/or rabbit antisera (20 |Jl) were diluted 
1:5 up to 1:640 in two-fold steps in PBS (pH 7.2) using U-shaped 
microtitre plates. One drop (0.02 ml) of the serial dilutions of 
each patient's serum sample was used to cover each well containing 
the antigens, starting with the highest dilution. The slides were 
placed in a moist-chamber and incubated at 37°C for 1 h. They were 
washed initially in .distilled water to remove excess sera, then once 
in PBS with stirring for 15 min. The slides were allowed to dry at 
37°C, then the serum-coated antigens were covered with 10 pi fluorescein- 
isothiocyanate (FITC) labelled antihuman IgG or anti-rabbit FTIC- 
labelled immunoglobulin for rabbit antisera. The slides were returned 
to the moist chamber and reincubated at 37°C for a further hour. They 
were washed once in distilled water, followed by a 10 min. wash in PBS 
with stirring, and a further 15 min. wash in PBS containing 1% trypan 
blue as counterstain. After a final rinse in distilled water, the 
slides were dried at 37°C, mounted with glycerol-1,4-diazobicyclo- 
(2,2,2) octane (DABCO) reagent (Johnson et al., 1982) and examined 
by epifluorescence microscopy (Nikon) with 5 x ocular lens and oil 
immersion 100 x objective lens.
5.1.7 Grading of fluorescence
Grading was based on the fluorescence of individual organisms 
as well as clumps of organisms considered to be specific. The criteria 
used for recording specific fluorescence were subjective, and based on
a scale of 0, 1+ to 3+ representing no fluorescence, low density to 
brilliant or intense fluorescence, respectively. In this method, 
a large majority of the bacteria concentrated around the perimeter 
of the 'spotted' smear, hence fluorescence was usually brightest 
at the edges. A positive reaction included low-intensity (1+) but 
definite fluorescence of single colonies at the periphery as well as 
internal areas of the smear. The intensity of fluorescence was 
compared with graded dilutions of known positive and negative sera 
used as controls. A positive control serum and a spot of yolk-sac 
(negative antigen) were included in each batch of tests. The accepted 
antibody titre was the highest dilution of serum producing a 1+ grade 
fluorescence.
5.2 Organ culture - the use of organ cultures to demonstrate the
possible pathogenicity of B. ureolyticus in NGU
The extent to which the pathogenicity of B. ureolyticus could 
be studied in NGU infections,poses some problems because there are 
no satisfactory animal models. In vitro studies in progesterone- 
treated female mice (strain TO) by two inoculation routes, namely, 
intravaginal and transcervical (Tuffrey & Taylor-Robinson, 1981) 
failed to produce bacterial colonisation. In the absence of an 
animal model, an experimental laboratory model was employed to 
investigate the possible pathogenic potential of B. ureolyticus in 
the genito-urinary tract of men with NGU. With some cases of NGU 
unexplained and having no known aetiology, some questions have to 
be resolved as to the observed association of B. ureolyticus with 
the disease. Are these organisms capable of causing damage to the 
mucosal epithelium of the male urethra and are, thus, a potential
aetiological agent in NGU?; are they opportunistic organisms in 
genital infections? To help to answer these questions bacteria-free 
filtrates of a probable toxic agent from these organisms were studied 
in organ cultures of bovine and human fallopian tube tissues.
Organ cultures have been useful in testing the pathogenic 
potential of new aetiological agents where experimental models are 
not available. They have been valuable in a variety of studies 
(i) the propagation and pathogenesis of respiratory viruses (Hoorn 
& Tyrrell, 1969), (ii) the immunobiology and pathophysiology of the 
respiratory tract mucosa (Cherry & Taylor-Robinson, 1970; Collier 
& Clyde, 1971; Denny, 1974; Schmidt, 1974); (iii) pathologic and 
pathogenic mechanisms of Neisseria gonorrhoeae (Carney & Taylor-Robinson, 
1973; Taylor-Robinson et al., 1974; Ward et al., 1974; McGee et al., 
1976; Johnson et al., 1977; MSrdh et al., 1979). Organ cultures of 
fallopian tube tissue, in particular, have become an ideal laboratory 
model for various reasons; the tissue is sterile when first obtained 
from hysterectomy operations, it has a ciliated epithelium which can 
be observed by light microscopy to emphasise viability of the tissue, 
it shows no dedifferentiation of mucosal cells for up to 2 weeks in 
organ culture as the tissues forming the organ remain undisturbed and 
resemble those in vivo. Studies with fallopian tube organ cultures 
have also demonstrated the use of genital mucosal tissue to define 
the pathogenic mechanisms of micro-organisms in sexually-transmitted 
diseases and the possible potential of these organisms to cause 
damage to the human genital mucosa (Westrom et al., 1977; McGee et al., 
1978; Johnson et al., 1980).
In experiments using organ cultures with anaerobic bacteria, 
application of this method is limited to the interaction and effect
of a toxic extract (toxin) on the tissues, since organ cultures 
function best in an aerobic environment, unsuitable for the growth 
and metabolism of anaerobic organisms. Indeed, studies with the . 
gonococcus demonstrated that the damage caused to fallopian tubes 
was the result of a toxic factor probably mediated by bacterial lipo- 
polysaccharide (Johnson et al., 1977; Gregg et al., 1981). In the 
development of this method for the observation of pathogenic mechanisms 
of B. ureolyticus in NGU, an attempt was made to determine whether 
bacteria-free filtrates and bacterial lipopolysaccharide (LPS) damaged 
bovine and human fallopian tube tissues. Assessment of the patho­
logical changes to tissues was made subsequently by histological 
procedures and by scanning electron microscopy, using a Phillips SEM 500 
electron microscope.
Bacterial strains. The bacterial strains for pathogenicity testing 
were clinical isolates of B. ureolyticus from men with NGU. They 
are listed as P2N3, P2N20, P4N15, W3N12 and W3N17. For comparative 
purposes two lyophilised reference cultures of B. ureolyticus, NCTC 
10941 (type strain) and NCTC 10948, were used. The organisms were 
grown initially as pure cultures on formate-fumarate blood agar 
(EBHIA-FF) anaerobically at 37°C for 4 days.
5.2.1 Toxin production media
Three growth media were tested for toxin production by B. ureolyticus. 
The formulations and preparation of supplemented BHI medium (B.Tx) are 
given in Appendix A. Media (Tx-1) and (Tx-2) were derived from Eagle's 
minimal essential medium (MEM) containing Earle's salts and L-glutamine 
(Wellcome Research Laboratories, Beckenham, England). MEM medium was.
buffered with 0.05 M N-2-hydroxyethy1piperazine-N-2-ethane sulfonic 
acid (HEPES-Gibco) . This medium was prepared from MEM 10% concentrate 
by diluting it to single strength in sterile pyrogen-free water (May & 
Baker Ltd., Dagenham, England) as follows: 10 ml of sterile MEM
concentrate was added to 85 ml of sterile pyrogen-free water, followed 
by 5 ml of HEPES, and then about 2 ml of N.NaOH (pH 7.5).
A growth supplement composed of a mixture of 2% proteose peptone,
2% tryptone T and 0.8% sodium formate, 0.8% sodium fumarate was also 
prepared in pyrogen-free water. The mixture was sterilised by filtra­
tion. For use, toxin medium (Tx-1) was prepared to contain MEM-HEPES 
and growth supplement in the ratio of 100:35 and medium (Tx-2) contained 
MEM and the growth supplement in the ratio of 100:50.
5.2.2 Bacterial growth and preparation of toxic filtrates
A loopful of each strain or species of the test organism grown on 
plates (pure culture) was inoculated in 5. ml of the toxin-propagating 
media in bijoux. The liquid culture-media, together with an uninoculated 
control, were incubated in an anaerobic chamber at 37°C for 5 days. 
Following growth, purity checks were done, and the total number of viable 
organisms (Miles & Misra) in the culture of each strain was calculated. 
The cultures for bacteria-free filtrates were either used immediately 
or after being frozen at -70°C.
Bacteria-free filtrates of each strain were prepared by centrifuging 
the bacterial suspension of the cultures at 600 x g for 20 min. The 
supernatant fluids were filtered through 0.45 pm pore size pyrogen-free 
disposable acrodisc filter assembly (Gelman, Ann Arbor, Michigan). The 
bacteria-free filtrates and a control were stored at +4°C until tested.
5.2.3 Preparation of bacterial LPS
.Cell-disruption and enzyme digestion
Four NGU-associated strains of B. ureolyticus, P2N3, P2N20, W3N12 
and W3N17, were grown as lawns of pure culture on EBHIA-FF anaerobically 
at'37°C for 4 days. The organisms were scraped off and suspended in
o
20 ml of PBS to produce a thick suspension of approximately 10 organisms/ml.
The bacterial suspensions were centrifuged at 2000 rpm for 20 min, 
then resuspended in 25 ml of PBS containing 5 mM EDTA and 0.05% sodium 
azide. Each bacterial suspension was stirred in a Sorvall omnimixer 
for 1 min at top speed. ’
Chicken egg-white lysozyme, 0.1% (Sigma Chem. Co., 40000 units/mg 
protein) was added and the suspensions stirred on a shaker at 4°C 
overnight. After this incubation the suspensions were placed at 37°C 
for 20 min, then stirred in the omnimixer for 3 min at top speed.
The volume of the suspension was increased to 50 ml by the addition 
of 25 ml of 20 mM MgCl2 containing 2 jjg/ml PNAse and 40 pg/ml pronase 
(Sigma Chem. Co.). The bacterial suspensions were incubated at 37°C 
for 10 min, followed by a further incubation period of 10 min in a 
water bath at 50-60°C. If gelatinous, the suspensions were mixed for 
another 3 min in the omnimixer before purification.
Purification by differential centrifugation
The suspensions were centrifuged at 8000 x g at 4°C for 20 min, 
followed by ultracentrifugation of the supernatant fluid containing 
the crude LPS at 100,000 x g at 4°C for 90 min. The final supernatant 
fluid was discarded and the pellet resuspended in r ml of pyrogen-free 
sterile water. The LPS preparation was then stored at -20°C.
5.2.4 Testing endotoxic activity of LPS
The endotoxic activity of the lipopolysaccharides of the four 
NGU-associated strains of B. ureolyticus was tested by a modification 
of the Limulus Amoebocyte Lysate method (Sigma Technical Bulletin No. 210, 
1983) (Levin et al., 1970; Young et al., 1981).
Assay test-tubes were cleaned initially in 1% Toxaclean detergent, 
washed six times in running hot tap-water, six times in deionised 
water and once in pyrogen-free water. The tubes were dried in a hot- 
air or drying cabinet.
Aliquots of 0.1 ml of each LPS preparation were pipetted into 
test-tubes. For the positive control, 0.1 ml of endotoxin reference 
stock sample was added to a test-tube, and 0.1 ml of endotoxin-free 
water added to another tube was used as a negative control. To each 
tube was added 0.1 ml E-Toxate solution (Limulus Amoebocyte Lysate) 
and the assay mixture was pH 7-8. All the tubes were stoppered with 
aluminium foil and sealed with parafilm. They were incubated at 
37°C in a water-bath for 4 h. The first reading, holding the tubes 
at an angle of 45°, was taken after 1 h, and the tubes were examined 
hourly for a further 3 h if not positive after 1 h. A positive 
reaction was indicated by gelation of the mixture, varying from 
starchy-looking granules to a hard gel.
5.2.5 Preparation and maintenance of organ cultures
Fallopian tubes obtained from non-pregnant women undergoing hysterectomy 
or bilateral salpingo-oophorectomy, were transported in a sterile 
glass petri-dish to the laboratory within 30 min of removal. They 
were then suspended in Eagle's minimal essential medium (MEM) as 
previously described, but with the following antibiotics added:
cephazolin, 100 pg/ml (Eli Lilly, Basingstoke, Hants), carbenicillin,
200 pg/ml (Beecham Research Labs., Middlesex), nystatin 50 units/ml 
(Squibb & Sons'Ltd., Hounslow, Middlesex). In the absence of these 
antibiotics, only ampicillin, 10 pg/ml (Beecham Research Laboratories) 
was used.
Bovine oviducts obtained after caesarian section delivery of viable 
offspring were transported to the laboratory in MEM-HEPES medium as 
described.
The organs (fallopian tubes and bovine oviducts) were dissected 
in a Microflow-cabinet to remove the adventitial or connective tissues. 
The tubes were sectioned longitudinally by cutting through the lumen 
■to-expose the mucosal surface. A diagram of the human fallopian tube 
with anatomical areas is illustrated in Fig. 12. The dissected organs 
were then thoroughly rinsed in MEM-HEPES antibiotic-free medium.
Pieces of tissue about (3-4 mm square) were cut with a sterile blade 
and at least two pieces were placed with their mucosa uppermost in 
each petri dish containing 2.5 ml MEM-HEPES antibiotic-free medium.
The tissues were incubated aerobically at 37°C overnight for revival.
5.2.6 Quantitation of ciliary activity
To quantitate the ciliary activity at the periphery of each 
piece of tissue, a map of its outline was drawn using a Zeiss microscope 
with an overhead prism. The map was divided into 4 approximately equal 
sections, each section divided into three segments, the boundaries of 
which were indicated on the map (see Fig. 12). Each segment was 1 mm 
in length and occupied 2/3 of a microscopic field when viewed with a 
10 x objective and 10 x eye-piece. The ciliary activity of each segment
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a. Fallopian tube laid opeaand showing 
anatomical areas.
b. Microscopical observation of tissue piece.
c. Outline map of tissue piece.
Fig. 12. Method used for organ culture studies.
(a) fallopian tube cut longitudinally after removal of 
connective tissue, (b) microscopical observation of tissue 
piece in dish containing MEM-HEPES medium and showing peripheral 
cilia of the mucosa lying uppermost, (c) outline map of tissue 
piece divided into sections of approximate equal length with 
cilia. Area without ciliary activity has been marked ttiUllUIlH
was graded subjectively on a 10 to 0 scale. The scores for the 
segments were summated and the total expressed as a percentage of 
the score obtained at the start of the experiment. The maps and 
scores were retained for further evaluation of the ciliary activity 
following inoculation with bacteria-free filtrates.
5.2.7 Inoculation of organ cultures with bacteria-free filtrates
The organ cultures were inoculated with crude bacteria-free 
filtrates obtained from strains of B. ureolyticus as indicated previously. 
An aliquot of 0.5 ml of each filtrate was added to duplicate dishes 
containing tissue pieces with mucosal surface and ciliary activity.
These were mixed gently and labelled as "toxin-treated". Tissue 
pieces used as controls were inoculated with the following: (i) 0.5 ml
of filtrate from the growth medium, (ii) 0.5 ml organ-culture/maintenance 
medium (MEM-HEPES), (iii) 0.5 ml toxic extract of Cl. difficile 
(positive control). The dishes were placed in a sealed plastic box 
and incubated aerobically at 37°C. The tissue pieces were then 
examined microscopically at 24 h intervals for up to 5 days.
5.2.8 Assessment of functional ciliary damage
Functional damage to the mucosa of the organ cultures was 
assessed by measuring the ciliary activity of the peripheral areas 
of the tissue pieces. They were examined with an inverted microscope 
(Olympus) at a magnification of 100 x using the original maps to 
locate the areas of ciliary activity which existed initially (see 
Fig. 12). The ciliary vigour was graded on the same scale as before,
10 to 0: very fast beating was. assigned 10; co-ordinated beating,
9-7; intermittent beating, 6-5; slow beating, 4-3; feeble beating, 2;
inactive, 0. The results were summated•and expressed as a percentage 
of the initial summated score.
5.2.9 Assessment of cellular or structural damage
Light microscopy. Following inoculation with bacteria-free filtrates, 
the tissue pieces were examined microscopically at daily intervals 
for up to 5 days to determine loss of ciliary activity and any damage 
caused to tissue epithelial cells. In order to assess the histo- 
pathological changes, the tissue pieces were fixed for 10-12 h or 
overnight in formalin or Bouin's fixative after careful removal of 
the culture medium, which was checked for the absence of bacterial 
contamination. Histologically, the pieces were sectioned and stained 
using haematoxylin-eosin dyes. The slides were finally examined 
microscopically at 400 x magnification, as well as on a televised 
screen by three observers including a pathologist. Photomicrographs 
were later made from the histological slides using a Zeiss photo- 
microscope. These are shown in Figs. 30 & 31 (see also Results Section 
6.10.4).
Scanning electron microscopy. Tissue pieces for SEM were rinsed once 
with PBS, pH 7.2, then fixed for 1-2 h at room temperature in freshly 
prepared 3% glutaraldehyde solution buffered to pH 7.3 with 0.1 M sodium 
cacodylate. The tissues were placed at 4°C overnight, then rinsed 
three times in 0.1 M cacodylate buffer. After postfixation for 1 h in 
1% osmium tetroxide buffered with 0.1 M cacodylate buffer, the fixed 
tissues were dehydrated in ethanol solutions of increasing concentration 
(25 to 100%) . They were dried at the critical point of liquid CC^ using 
a Polaron E3000 critical point drying apparatus (Polaron Equipment Ltd., 
Watford, U.K.). The dried tissues were mounted on aluminium stubs with
"Electrodag 915" (Acheson Colloids Co.Plymouth, U.K.), then coated 
with a thin layer of gold using a Polaron E5100 sputter-coating 
apparatus. The tissues were examined in a Phillips SEM 500 scanning 
electron microscope, and micrographs were made subsequently (see 
Figs. 32-34 and Results Section, 6.10.5).
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6.1 The development of methods for the isolation of anaerobes from 
men with NGU
Initially in a pilot study, seven species of anaerobes were used 
to simulate a bacterial population as might occur in a clinical 
situation. These bacterial species are listed in 2.1.5. The choice 
of a suitable swab suspended in a transport medium that would sustain 
the viability of all anaerobic species within an ideal anaerobic 
environment is discussed below.
6.1.1 Serum-coated swabs
The recovery of these known anaerobic species from serum-coated 
swabs was assessed after they were absorbed from a suspension made in
TYG medium. The number of organisms of each bacterial species in the
3suspension ! was about xlO /ml. All the species were recovered from 
alginate-wool swabs which had been previously moistened or coated with 
5% bovine serum in TYG medium. However, B. melaninogenicus, Veil lone 11a 
parvula, Cl. sporogenes, P. acnes and the more fastidious C. novyi B 
were not recovered from swabs which had not been premoistened. Conse­
quently, serum-coated swabs were used in further experiments.
6.1.2 Survival of anaerobes in transport medium
Blood products in the nature of serum or laked cells incorporated 
in TYG liquid transport medium were tested for their ability to maintain 
the viability of the seven known species of anaerobic bacteria (see Table 2). 
Swabs were impregnated with these micro-organisms suspended in unsupplemented
Table 1
Recovery of anaerobic bacteria after mixing and holding for 2h in TYG medium with and without
'protective' aqenta.
Tryptone-yeaet-glucose Anaerobic bacteria No. of viable organisms*/ml 
Before mixing After mixing (%)
No supplement
3% bovine serum
5% laked horse blood
Cl. novyi B 9.0 X 103 None
Cl. sporogenea 1.2 X 103 None
B. melaninogenicus 5.6 X 103 None
B. fragillo 1.4 X 10 3 9.0 x 102 (641)
V. parvula 3.0 X 10 3 None
P. acnes 1.0 X 103 None
Gaffkya anaerobia 4.5 X 103 4.0 x 10 3 (89%)
Cl. novyi B 1.2 X 102 4.0 x 10 3 (33%)
Cl. sporogenes 2.2 X 10 3 2.0 x 102 (91%)
B. melaninogenicus 5.0 X 103 4.8 x 10 3 (96%)
B. fragilis 1.4 X 10 3 1.3 x 10 3 (94%)
V. parvula 2.0 X 103 1.5 x 10 3 (75%)
P. acnes 1.9 X 103 1.8 x 10 3 (94%)
Caff icy a anaerobia 5.0 X 10 3 4.9 x 103 (98%)
Cl. novyi B 2.0 X 102 8.0 x 10 3 (40%)
Cl. sporogenes 1.0 X 103 9.0 x 10 2 (90%)
B. melaninogenicus 5.2 X 10 3 5.0 x 103 (96%)
B. fragilis 1.0 X 10 3 0.9 x 10 3 (90%)
V. parvula 1.5 X 10s 1.1 X 103 (75%)
P. acnes 2.2 X 10 3 2.0 x 10 3 (91%)
Gaffkya anaerobia 3.0 X 10 2 2.9 x 102 (97%)
•Based on colony counts made after inoculation of enriched tryptone-soya blood agar and incubation
at 37*C for 5 days
Table 2
Survival (•>•) of anaerobic bacteria after 2h suspension in various transport
media
TYG containing indicated 'protective' agents
THIO
Anaerobic bacteria TYG only 3% BS 5% LHB 5% SRC 3% BS
Cl. novyi B - + + _ _
B. melaninogenicus - + + + -
B. fragilis + + + + +
V. parvula - + + - -
P. acnes - + . + + -
Cl. sporogenes - + + + -
Gaffkya anaerobia + + + + +
TYG - tryptone-yeast-glucose medium; BS - bovine serum; LHB - laked horse 
blood; SRC - sheep red cells; THIO - thioglycollate medium
TYG medium, then dispersed in TYG medium supplemented with the 
indicated blood products. In addition, thioglycollate medium 
containing similar agents, was tested. The bacteria were kept 
suspended anaerobically in improved Gas-Pak jars for at least 2 h 
before they were cultured, simulating some delay which normally occurs 
in transportation from clinic to laboratory.
6.1.3 Qualitative assessments
The results in Table 2 show that only anaerobic Gram-positive 
cocci (peptococci) and B. fragilis were recovered from thioglycollate 
medium, whereas other species including Cl. sporogenes, B. melaninogenicus 
and P. acnes were recovered from TYG medium supplemented with 3% bovine 
serum, 5% laked horse blood and 5% sheep blood. Veillonella parvula 
and Cl. novyi B , an extremely sensitive anaerobe survived only in TYG 
medium containing 5% laked horse blood or 3% bovine serum. Blood 
products either laked or in the form of serum seemed to act as ' protective1 
agents for anaerobic bacteria.
6.1.4 Quantitative assessments
TYG acted as a transport medium. The recovery of individual 
bacterial species from the mixture of 7 anaerobes suspended in unsup­
plemented TYG transport medium compared with TYG medium containing 
the blood products (bovine serum and laked blood) shown to be 'protective' 
was assessed quantitatively on ETSA blood agar plates by the technique 
of Miles & Misra (Table 1). A known number of organisms of each species 
was mixed in the respective transport media and kept in suspension for 
2 h, then the number of organisms of each species was re-estimated by 
diluting in the same medium; hence the name transport dilution-medium.
The majority of the organisms of the Peptococcus sp. and B. fragilis
were recovered upon holding in TYG medium alone, but there was
complete loss of Cl_. sporogenes, P. acnes and Cl_. novyi B. However,
except for Cl. novyi B and Veillonella parvula, the recovery 
of these bacteria with
laked blood or serum was almost complete. In a further experiment, 
six of the bacterial species were held for 24 h at room temperature 
under anaerobic conditions in TYG transport dilution-medium containing 
different concentrations of either laked horse blood or bovine serum.
The results shown in Fig. 13" indicate that protection was afforded 
even after 24 h by serum or laked blood at a concentration of 3%, and 
that concentrations greater than 5% greatly reduced the number of 
viable organisms, as well as the types recovered.
6.2 Preliminary survey of clinical sampling methods
Various transport dilution-media, swabs, environmental conditions 
and isolation methods for anaerobes were evaluated. Methods employed 
in sampling patients with NGU in the survey are shown in Table 3.
6.2.1 Comparison of sampling methods
Specimens were collected from 72 patients with NGU by four 
sampling methods initially, viz. direct-agar plating, transport 
medium, urine and transwabs. The results of testing them for anaerobes 
recovered was directly related to the isolation method used and the 
oxidation-reduction potential (E^) of the transport environment. Of 
the four methods, a liquid transport medium in which sample-loaded 
swabs were immersed, suspended and processed in an anaerobic chamber, 
provided the largest number of types. The number recovered
increased as the E^ of the transport medium decreased. Direct agar-plating
laked-horse Wood Bovine serum
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Fig. 13. The number of viable bacteria of each species
remaining after six anaerobes were suspended for 
24 h in tryptone-yeast-glucose transport medium 
containing various concentrations (0-9%) of laked 
horse blood or bovine serum. (A) Peptococcus sp.; 
IB) B. fragi1 is; (C) Vei1lonella sp.; (D) Cl. 
sporogenes; (E) C. acnes; (F) B. melaninogenicus;
(N) no growth.
Table 3
Methods of sampling patients in the preliminary clinical stud les
Medium or 
agent
Redox 
potential (Ej-,) Transportation
No. of 
samples Dilution Subiects
TDM I > 1 5 0  m V  ( p H  7 . 0 )
TDM I I 
TDM I I I 
TDM IV 
Ur m e  
Dir ect
agar culture 
Transwabs
- 2 7 0 mV 
-300 to -400 mV 
-300 to -400 mV 
NT
-ISO mV 
NT
Copper coupling 12
anaerobiosiB (CCA)
CCA 12
CCA 12
CCA 12
Gas-pack Jar 12
Gas-pack Jar 12
Gas-pack Jar 12
S-fold
S-fold 
10-fold 
10-fold 
5-fold
ND
10-fold ( 
no dilution
Men with NCU
NGU
NGU
NGU
NCU
NGU
NGU
TDM - transport dilution medium; NT - not tested; ND - not done; NCU - non-gonococca 1 urethritis
of samples collected with dry swabs in the clinic yielded only 3 
anaerobic types. Urine samples for isolating anaerobes from
the urethra were not altogether satisfactory, although up to 4
types were isolated from them after swabbing of the urethra.
As a result of comparing these methods, the procedure whereby patients 
were sampled with serum-coated swabs transported in a liquid medium 
was employed for the quantitative isolation of anaerobes from all the 
other men studied subsequently. However, besides transportation in 
Gas-Pak jars, in this study anaerobic miniature jars employing 
'copper-coupling' anaerobiosis were used for the first time in the 
transportation of clinical samples for the recovery of anaerobes 
(Table 3). As shown in Table 4, the largest number of types
was recovered when the was lowest, in TDMIII and TDMIV. However, 
since bovine serum seemed the slightly better 'protective' agent,
TDMIV was the transport medium selected for all subsequent anaerobic 
study. The recovery of anaerobes by conventional bench methods was 
compared with an anaerobic environment such as a glove-box or anaerobic 
chamber in the preliminary clinical survey of 72 NGU patients. The 
results presented in Table 5 clearly demonstrate that all anaerobic 
species, as well as the number of organisms recovered, were significantly 
diminished by using conventional methods. The frequency of anaerobes 
being isolated by this method was also shown to be reduced by a ratio 
of approximately 3:1, so that where small numbers of organisms were 
present originally, they were not isolated by the more conventional 
bench methods. Thus anaerobic chamber methods were employed for 
subsequent studies unless otherwise stated.
Table 4
Isolation of anaerobic species from various transport media UBed In preliminary clinical studies
Transport medium Reducing agent* Protective agentl Anaerobic species No. of viable
organlems/ml
TDM I CsHCl. SFS 3\ LHB Peptococcus 6 X 103
(Eh -150: pH 7.0) Corynebacterium 8 X 103
TDM I I CsHCl. SFS. TTCC 3% LHB Peptococcus 1.8 X 10*
(Eh -270: pH 7.0) Corynebacterium 1 X 10*
Bacteroides 6 X 10*
Veillonella 4 X 10*
TDM III CsHCl. SPS, TTCC 3% LHB Peptococcus 2 X 10*
(Eh >-300: pH 7.0) Corynebacterium 8 X 10*
Bacteroides 2 X 10*
Eubacterium 3 X 10*
Veillonella 2 X 10*
TDM IV CsHCl. SFS, TTCC 3% BS Peptococcus 2 X 10*
(Eh >-300; pH 7.0) Corynebacterium 8 X 10*
Bacteroides 2 X 10*
Eubacterium 3 X 10*
Veillonella 3 X 103
Clostridium 5 X 103
Transwabs Thioglycollate None Peptococcus 1 X 10*
Peptostreptococcus 1 X 10*
Corynebacterium 1 X 10*
Bacteroides 5 X 10*
•CsHCl - cysteine hydrochloride; SPS - sodium formaldehyde sulphoxylate; TTCC - titanium 
trichlorlde-citrate complex
ILHB - laked horse blood; BS - bovine serum
Table 5
Isolation of anaerobes from 72 NGU patients by anaerobic chamber method and conventional method
Anaerobic species
Peptococcus
Peptostreptococcus
Corynebacterlum
Bacteroides
Eubacterlum
Veillonella
Clostridium
Viable nos./ml 
by
anaerobic
chamber
(glove-box)
12 x 10«
3 x 10*
5 x 10*
6 x 10s 
5 x 103
2 x 103
3 x 103 
No anaerobes
Isolated
Isolation rate 
(%)
70
3
50
40
3
13
16
15
Viable nos./ml 
by 
bench 
culture 
(Gas-pak jar)
6 x 103 
None 
6 x 103 
3 x 10*
None 
1 x 103 
None 
No anaerobes 
Isolated
Isolation rate 
(I)
46
None
32
22
None
8
None
40
6.3 Improved media for use in further clinical sampling of the urethra
6.3.1 Studies on transport media
Seven anaerobic species, including B. ureolyticus, B. melanino- 
genicus, Peptococcus and Mobiluncus (anaerobic curved rods), organisms 
commonly isolated from the lower genital tract, were tested in TDMIII 
and TDMIV, two of the best transport media investigated previously.
The quantitative recovery of these organisms from the transport media 
is illustrated (Fig. 14). All the species, were isolated from both 
transport media after being suspended in them for at least 4 h. Again, 
the numbers of viable organisms were greater when bovine serum was 
used as the 'protective' agent. Although the transport media maintained 
the viability of the anaerobic species, they themselves did not support 
the growth of any of the species following incubation anaerobically at 
37°C for 4 days. TDMIII and TDMIV had been shown previously to be 
effective in recovering various types of anaerobes from the urethra 
of men with NGU, and superior to conventional swabbing procedures.
6.3.2 Survival and growth of other anaerobes in the transport medium
B. ureolyticus and Mobiluncus species are two anaerobes isolated 
from lower genital-tract infections in men and women. Both species 
survived in the transport medium after holding for 4 h and growth was 
indicated by positive cultures on solid media (PRAS). However, the 
transport medium did not support the growth of these organisms even 
after 4 days incubation, indicating its non-supportive nature. More­
over, the organisms grew well in non-supplemented and supplemented 
anaerobic liquid medium, the latter specifically enriched with formate 
and fumarate for the optimal growth of B. ureolyticus.
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Fig. 14. Histogram showing the survival of anaerobes after
2-4 hrs suspension in three transport dilution-media and 
growth on solid medium. (A) B. ureolyticus;
(B) Mobiluncus sp.; (C) C K  novyi B; (D) Peptococcus sp.; 
(E) P. acnes; (F) B. melaninogenicus; (G) Veillonella sp.
TDM, transport dilution-medium.
6.3.3 Studies on liquid media
Pure cultures of the reference strains listed in 2.1.5 as well as 
10 NGU-associated strains were tested in 6 various liquid media. The 
results are presented in Table 6. Growth was indicated by turbidity 
which was graded as positive (+), slightly positive (±) or negative (-) 
in comparison with uninoculated media used as controls. In addition, 
growth was confirmed by Gram staining and subculture of the broths on 
solid medium. The results indicate that all the reference strains 
grew well in the liquid media examined, although Cl_. novyi B and 
Cl. sporogenes grew best in cooked meat medium as indicated by their 
growth on solid media. The growth of the 10 NGU-associated strains 
in liquid media was poor and especially in thioglycollate medium 
and tryptone-yeast-glucose which in most cases did not support their 
growth.
6.3.4 Studies on enrichment media
The NGU-associated strains were tested in three liquid media, 
viz. tryptone soya broth, brain heart infusion and thioglycollate 
medium. They were enriched with single "growth supplements", viz. 
haemin, vitamin K^, bovine serum, urea and sodium salts of aspartate, 
formate, fumarate, nitrate, succinate and combined formate-fumarate. 
Following anaerobic incubation the broths were used to inoculate blood 
agar plates (EBHIA) and the degree of growth was confirmed as profuse 
(+++) , good (+) , slight (±) , or no growth (-) . Results showed that 
some slight enhancement of growth was afforded by aspartate, formate, 
vitamin K^, haemin, nitrate, succinate, urea and bovine serum.
However, growth was better in the case of fumarate and succinate, 
while the combination of formate and fumarate produced more profuse 
growhh which was subsequently assessed from optical measurements of
*TSB 
- 
tryptone 
soya 
broth; 
BHI 
* 
brain 
heart 
infusion; 
THIO 
« 
t
h
i
o
g
l
y
c
o
l
l
a
t
e
 
medium; 
M'TEK 
- 
minitek 
anaerobic 
broth; 
CMM 
- 
cooked 
meat 
medium; 
+ 
- 
growth 
w
i
t
h
 
obvious 
turbidity 
in 
broth; 
±
 • 
slight 
turbidity 
in 
broth, 
few 
colonies 
on 
plate;
- 
«no 
growth 
detected 
microscopically 
or 
on 
subcu
l
t
u
r
e
.
Ul # i . W W p i > M N ) h ' P
ro m o  o
0 0 * o < c d c d o J*J
§ ea pi 'o
re o n n 
o o 
Cr<Q 
m* re 
P 3 
re re
►- re 3 
o  p  t -  o
S^S-3
KjK>k>. kh* I* 3 
Pi CO O Co
*0
P►1
<
CK-&
<Qre
3
o
cre
to
*ore
o
►-a
CO
carrM
P
H- 1
+ + + + + + +
H- I H-
H- I »■ H- I H- I H- I H- I + + + + I
H- I H- I » » H- H- I H- + H- + + + + H-
*3
PO'Mre
h- h- i h - h- i h - h- h- h- + + + + + + +
the various strains. This observation led to the use of sodium salts 
of these agents as 'growth factors' in both liquid and solid media in 
subsequent studies. Growth in the presence of these agents was rapid 
and developed within 24-48 h anaerobically. However, when the media 
were inoculated with a loopful of organisms from plate cultures, 
growth was better and more profuse than from a suspension of the 
organisms in saline or PBS.
The degree of growth of the ten strains measured in terms of 
their optical density in the 3 liquid media is presented in Table 7.
The results show that enriched brain heart infusion supplemented with 
formate-fumarate was by far the best liquid medium for the growth 
of these organisms. However, any liquid medium containing these 
'growth factors' seemed suitable for their cultivation and growth.
The inclusion of nitrate did not enhance growth significantly, in 
the presence of formate and fumarate.
6.3.5 Studies on solid media
In the preparation of solid media, formate and fumarate were
also incorporated as growth factors. The recovery of two NGU-associated
strains, P2N12 and W2N17, a reference strain of B. ureolyticus (NCTC 10948)
and B. melaninogenicus on 5 solid media was determined. The results
are presented in Table 8. The average number of colonies from the two
"6clinical isolates as a result of a dilution to 10 on EBHIA-FF was
o
22.8 +0.5 with an average viable count of 2.28 x 10 cfu/ml. This 
figure was slightly better than counts on ETSA, ETSDA-FF, RCBA-FF and CBA 
which gave 1.68 x 10^ cfu/ml, 1.71 x 10^ cfu/ml, 1.95 x 10^ cfu/ml and
g
1.0 x 10 cfu/ml, respectively. These results show that both brain 
heart infusion and Columbia agar bases supported well the growth of
Table 7
Growth of NGU-associated strains in liquid media with and without growth
factors
Optical density and enhancement of growth in 
media
Agents EBHI-FFN ETSB-FFN THIO-FFN ETSB-FF
Formate-fumarate and/or 0.80 0.50 0.38 0.44
nitrate media (FFN)
Uninoculated control 0.06 0.055 0.033 0.05
(+FFN)
Inoculated control 0.08 0.07 0.04 0.055
(No FFN)
EBHI « enriched brain heart infusion; ETSB - enriched tryptone soya broth; 
THIO - thioglycollate medium
Table 8
Colony and viable counts of reference and NGU-a3sociated strains 
on plain and improved media
No. of colonies Average no. Viable count
Media# Strains* in tr iplicate of colonies cfu |per ml
a 18 14 12 15.0 1.5 X 10 8
A b 14 19 23 18.7 1.87 X 10 8
c 20 14 19 17.3 1.73 X 10 8
d 22 19 15 18.7 1.87 X 10 8
a 20 22 28 23.3 2.33 X 10 8
B b 24 18 25 22.3 2.23 X 10 8
c 26 24 28 26.0 2.6 X 10 8
d 30 28 20 26.0 2.6 X 10 8
a 20 15 17 17.3 1.73 X 10 8
C b 23 17 25 21.7 2.17 X 10 8
c 25 18 15 19.3 1.93 X 108
d 28 25 18 23.7 2.37 X 10 8
a 25 15 12 17.3 1.73 X 10 8
D b 26 13 12 17.0 1.7 X 108
c 23 16 12 17.0 1.7 X 10 8
d 25 14 27 22.0 2.2 X 10 8
a 12 10 8 10.0 1.0 X 10 8
E b 10 6 9 8.3 8.3 X 10 7
c 12 7 9 9.3 9.3 X 107
d 20 18 16 18.0 1.8 X 10 8
*a - P2N12; b - W3N17 (NGU-■associated strain); c - B.
ureolyticua (NCTC 10948); d - B. melaninogenicus (NCTC 9336). 
#A - enriched tryptone soya agar (ETSA); B - enriched brain 
heart infusion agar with formate-fumarate (EBHIA-FF); C ** 
reinforced Columbia base agar with formate-fumarate (RCBA-FF); 
D - enriched tryptone soya dextrose agar with formate-fumarate 
(ETSDA-FF); E - Columbia blood agar (CBA)
these organisms. Media without growth factors produced fewer colonies 
and a diminished viable count. In particular, growth on plain 
Columbia blood agar (CBA) was poor, and colonies were small and flat.
B. ureoly ticus was found to have a growth requirement for formate and 
fumarate, like the NGU-associated strains. Furthermore, colonies of 
the NGU-associated strains growing on non-supplemented formate-fumarate 
blood agar (ETSA) appeared brown and pin-point, with a distended 
periphery. On FF-supplemented blood agar, however, they were invariably 
larger in diameter (>1 mm) , grey, and non-'Spreading, except on 
prolonged incubation. B. melaninogenicus did not have a formate- 
fumarate requirement, the incorporation of these in the media having 
no effect on the growth of the black-pigmented colonies. From these 
results, EBHIA (with and without formate and fumarate) was selected 
as the all-purpose medium for further clinical studies and for 
development of a new selective medium for the isolation of NGU-associated 
strains.
6.3.6 Studies of selective medium
Sixty-four NGU-associated strains were tested on EBHIA-FF for 
their sensitivity to various antimicrobial agents, some of which might 
be candidates for incorporation in a selective agar medium. The 
reactions of the organisms to these agents seen in disc-diffusion 
testing are presented in Table 9. Most of the strains were susceptible 
to the various antimicrobial agents, except vancomycin, the four dyes, 
viz. brilliant green, methyl green, gentian violet, victoria blue, 
and polymyxin at low concentrations of 0.01-0.035 pg/ml. Furthermore, 
half of the strains were resistant to co-trimoxazole and sulphafurazole.
On the basis of these results, the indicated MICs of vancomycin (12.5 pg/ml),
Z J Z S S J a J O M O O O O O
0 p 
O M 3
3 h- o
^  CL O 
O K -S
M p)
O 3 
3 *><
H- X O M  O
3 ►-** M  Qi m -
o H- P 3 
3 N
p 0 O
o M
H*
CL
0
<D N
p p*
3 *M* 0
O 3 
H-S 
3 o
m 3“ 
K- M 
3 O 
CL HCD 
ff
5 *< *a
o 3“
H- CD
3 3
H*
o
O
|—• CO CO W W W M H H M W  
O O O C n O O O C n O O O O
M
o
o
o
cn
o
M
cn
M M M M M M M M M M M o o o o o o o c n o o o o
O O O O O O O C 0 O O O O
<
H-
o
ct
o
M
H*
p
do
M
e
CD
DO <  
M p
M- 3
I—1 O
M  3 
p *•< 
3 O 
ft H* 
3
ON
CD
CD
3
h3 CO 
0 C 
Ct M 
tt »0
P 3" 
O P
o
M
CO CO JO TJ no 
C ft H- O CD 
|-» N l-h M 3 
>0 ®
3rrO ___
p <+*0
o
0
ft
3*
O
X
p
N
O
M
0
l-tj O
P 3 
N
P O 
N H- 
O 3
M
0
X
H*
3
DO
M M M H H t o O H H  
o o o c n m o c n o o c n
O
M
Do
C
3
H*
Ct
0
M M  M M
O O Cn CO O O O 
o w t j i o c n o o o i v i o  o
ct 
P M 
(Q 3 
0 H-
3 O 
Ct N 
O
0r
H-
P
o
o
3
f0 O 
0 0 ^  H P
T= ct 
(Q CL « 
^  H- P 
0 Ct 
O M
o
3
0
0 CO
3 ct
0 n
H- p CP
ft H-
H- 3
< 0
0
5
ct
P H*
iQ 3
0 M-
3 o
Ct N
o
or
H*
P
M
O
0
3
T3 O
0 0
« 3
1= ct
(£3 Qi H>—' H* P
0 ct
O H-
o
3
0
0 CO
3 ct
0 H C#>
M p
Ct H-
H- 3
< 0
0
CO
c
0
o
0
TJ
Ct
H-
O'
H-
M
H-
ct
*
O
M)
z
0 a
1
p
0
0
o
o
H-
P
ct
0
Pj
0
ct
M
P
H*
30
ct
o
<
p
N
H-
O
c
0
p
3
ct
H-
3
H-
o
H
O
O'
H*
P
M
P
£3
0
3
ct
0
►3
P
O'
M
0
vD
polymyxin (0.05 pg/ml), sulphafurazole (10 Mg/ml), brilliant green 
(200 pg/ml), methyl green (100 iJg/ml), trimethoprim (a component of 
co-trimoxazole (10 pg/ml), together with other antimicrobial agents, 
were determined by both tube and agar-dilution tests on several strains. 
Results showed that apart from polymyxin the other antimicrobials 
required much greater concentrations to inhibit the growth of the 
NGU-associated strains. However, the organisms appeared more sensitive 
in liquid than on agar medium generally. Furthermore, the growth of 
22 of these strains was not greatly inhibited on agar medium containing 
the following antimicrobial agents: polymyxin, 0.02 pg/ml; sulpha­
furazole, 5 or 10 pg/ml; trimethoprim, 5 or 10 pg/ml; vancomycin, 5 
or 10 |jg/ml; methyl green, 10, 20 or 40 pg/ml. However, there w7as 
inhibition of growth by the dyes. Thus, brilliant green at a concen­
tration of 100 pg/ml reduced growth 1000-fold and at 1000 pg/ml it 
completely inhibited growth. Similarly, methyl green at a concentration 
of 1000 pg/ml reduced growth 1000-fold, but there was no inhibition 
of growth at concentrations of 10, 20, 32 and 40 pg/ml (see Table 10). 
From these results, a selective medium for the NGU-associated strains 
was developed incorporating polynyxin, 0.02 pg/ml (0.15 IU); vanconycin,
10 pg/ml; trimethoprim, 10 pg/ml and methyl green, 32 pg/ml. Growth 
of the NGU-associated strains was slow when the final concentration 
of polymyxin in the medium was 0.035 pg/ml (0.27 IU) although many 
colonies developed after 4-5 days. The effect of the antimicrobials 
incorporated in the selective medium on the viability of the NGU- 
associated strains is shown in Table 11. There was no significant 
decrease in the numbers of organisms from the inclusion of vancomycin,
trimethoprim and methyl green, the average numbers from selective and
9 9non-selective (in parentheses below) media being 2.4 x 10 /ml (2.5 x 10 ) ,
3 x 10^/ml (2.5 x 10^) and 1.3 x 10^/ml (9.8 x 10^) , respectively.
Table 10
Effect of various antimicrobial agents incorporated In EBHIA-FF on growth
of the NGU-aasociated strains
Antimicrobial agent
Polymyxin B 
Polymyxin B 
Polymyxin B 
Sulphafurazole 
Tr imethopr im 
Vancomycin 
Methyl Green 
Methyl Green 
Brilliant Green 
Brilliant Green
Concentration
(ug/ml)
0.02 (0.15 IU) 
0.146 (1.12 IU) 
0.32 (2.4 IU)
5 & 10 
5 & 10 
5 & 10 
10, 20, 32 & 40 
1,000 
100 
1,000
Inhibited (I)/ Control
Not inhibited (NI) medium
NI NI
I (100-fold) NI
I NI
NI NI
NI NI
NI NI
NI NI
I (1000-fold) NI
I (1000-fold) NI
I NI
Table 11
Effect of the four antimicrobials In the selective medium on the viability of
the NGU-associated strains
Selective medium Non-selective medium
Antimicrobial
agent
Concentrat ion 
(Mg/ml)
Average Average
No. tested count/ml No. tested count/ml
Methyl Green 
Polymyxin ? 
Polymyxin J 
Tr imethopr im 
Vancomycin
32 5
0.02 (0.15 IU) 5
0.035 (0.27 IU) 5
10 5
10 5
1.3 
13.0
6.0
3.0
2.4
10 9 
10 7 
107 
109 
10 9
9.8
16.0
13.3
2.5
2.5
10“ 
107 
10 7 
109 
109
6.3.7 Evaluation of selective medium
The value of the selective medium was assessed initially with 
9 NGU-associated strains and the type strain of W. succinogenes.
The mean log^ number of colonies which developed on the selective 
medium was 7.1 with a range of 5.1 to 9.6 and that on the non-selective 
was 7.1 with a range of 5.1 to 9.7. Statistical evaluation using 
paired t-test analysis showed that the quantitative recovery of either 
the NGU-associated strains of W. succinogenes on the selective medium 
was not significantly different from that on the non-selective medium 
(t = -1.776 for .9 degrees of freedom; p < 0.1). However, the negative 
value indicated here implied a trend towards slightly smaller numbers 
on the selective agar medium. The results of using the selective 
medium to isolate NGU-associated strains from urethral swabs collected 
from men with NGU, and vaginal swabs from women with bacterial vaginosis 
are shown in Table 12. These organisms were isolated from 13 of 25 men 
(52%) using the selective blood agar medium, but from only .8 men (32%) 
using the non-selective medium. The 5 instances in which the organisms 
were not isolated on the non-selective medium were probably due to 
the small numbers of organisms in the samples, consisting of a mean 
of 2.0 and ranging from 1 to 4 colonies. Six of seven samples from 
women with bacterial vaginosis produced similar numbers of colonies 
on both the selective and non-selective media, with a slightly larger 
number of colonies on the selective medium. Only in two cases did 
colonies of other organisms develop on the selective medium. In one 
instance, a few colonies of B. melaninogenicus developed, and in the 
other, a pure culture of G. vaginalis was isolated. In all other 
cases only colonies of the NGU-associated strains developed on the 
selective medium, while growth of various other bacterial species was
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observed on the non-selective medium. Colonies of the NGU-associated 
strains on the selective medium were convex to umbonate, entire and 
smooth, non-symbiotic and varied from 1-3 mm in diameter. In general, 
they were grey colonies, but occasionally had a greenish tinge. On 
the non-selective medium, colonies were more often convex, 2-3 mm in 
diameter, non-symbiotic and varied in colour from grey to light 
golden-brown. They rarely pitted these agar media on primary isolation. 
Beta-haemolysis was observed around the colonies of some strains, but 
was more obvious from Miles-Misra drop method on the selective medium.
The selective medium did not support the growth of anaerobic 
curved rods (Mobiluncus spp.) isolated from women with bacterial 
vaginosis, or Campylobacter species. However, it supported the growth 
of two reference strains of B. ureolyticus, including the type strain 
(NCTC 10941).
6.4 The development of methods for the identification of anaerobic
Gram-negative bacilli
The characteristics of the 64 NGU-associated strains isolated 
in clinical studies, 38 in the preliminary clinical sampling survey, 
and 20 unclassified Gram-negative anaerobes and 13 reference anaerobes 
were studied. The 64 NGU-associated strains together with 13 reference 
strains, the two laboratory strains and 12 strains from women with 
bacterial vaginosis are listed in the section on numerical taxonomy 
(see Table 34) . The 38 strains from the preliminary clinical survey 
(all NGU-associated strains) and 6 other species of Bacteroides are 
shown in Appendix B. All the strains were studied by six approaches: 
morphology, biochemical tests, carbon utilization tests, antibiotic 
disc-sensitivity tests, tolerance tests (bile salts) and gas chromatographic
12 5
tests. Identification of the NGU-associated strains and other 
unclassified strains from BV was facilitated by comparing their 
characteristics with those of reference strains of W. succinogenes,
B. ureolyticus (NCTC 10941 & 10948) and other species of Bacteroides.
The reference strains of Bacteroides used to develop and test 
the identification scheme were reidentified using a shortened series 
of tests listed in Tables 13-18. The organisms fell into 4 groups, 
namely: the asaccharolytic group, the fragilis group, the fusobacterium 
group and B. melaninogenicus of the melaninogenicus group. The 
asaccharolytic group included B. asaccharolyticus, B. praeacutus and 
corroding bacilli, B. ureolyticus of which NCTC 10941 is the type 
organism. Also included in that group for comparative purposes was 
Wolinella succinogenes, an asaccharolytic organism that will corrode 
agar media. The tests used in these experiments were arranged in 4 
groups: biochemical, antibiotic sensitivity, tolerance of bile salts
and dyes, and gas liguid chromatography. Strains of Bacteroides, 
as well as anaerobic curved rods (Mobiluncus spp.) were analysed and 
arranged into species on the basis of their reactions in the above 
tests.
6.4.1 Biochemical and cultural tests on the asaccharolytic group 
of anaerobes
The results of the biochemical and cultural tests performed on 
the asaccharolytic species of Bacteroides and W. succinogenes are 
shown in Table 13. The non-pitting strains, namely B. asaccharolyticus 
and B. praeacutus were obviously distinct species, the former being 
non-motiie, and the latter exhibiting .classical motility. They were 
distinguished further by the possession by the former of the enzymes
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alpha-and-beta glucosidases, beta-galactosidase and N-acetyl- 
glucosaminidase. These two species were differentiated from the 
pitting strains of B. ureolyticus and W. succinogenes in their 
cultural characteristics; the latter two requiring formate and 
fumarate for energy and growth, which was stimulated to some extent 
by nitrate. They were strong oxidase producers, decarboxylated 
arginine and lysine and possessed the enzyme phosphoamidase.
W. succinogenes itself was differentiated from these two Bacteroides 
spp. in giving negative reactions in these tests and a weakly positive 
urease test. Moreover, B. ureolyticus displayed 'twitching' motility 
(Henricksen, 1983) due to polar pili in contrast to the classical 
motility of W. succinogenes due to flagella. These tests were in 
agreement with those conducted by Tanner et al. (1981) and Holdeman 
& Moore (1977).
6.4.2 Gas liquid chromatography .
The reactions from volatile and non-volatile fatty acids produced 
by the asaccharolytic species of Bacteroides and W. succinogenes are 
shown in Table 14. Acetic and succinic acids were generally produced 
as an end-product of their metabolism. However, the formate-fumarate- 
requiring and corroding organisms of B. ureolyticus did not produce 
butyric, propionic and lactic acids. W. succinogenes, a closely-related 
species, gave similar reactions, although lactic acid production was a 
variable characteristic in one strain of B. ureolyticus.
6.4.3 Patterns of results for the fragilis-group
The patterns of biochemical and cultural results obtained with 
the 'fragilis' group of organisms are shown in Table 15. Unlike the
Table 14
Volatile and non-volatile fatty aclda (CLC) produced by aeaccharolytlc apeclea of Bacteroldee and w.
aucclnogenee
Reeulte obtained with attains of 
fatty acids HCTC» NCTC
10941 10948
B B B B. B. ^ •
asaccharolyticus praeacutus corrodens* ureolyticus ureolyticus succinogenes
Acetic acid ♦
Butyric acid +
Propionic acid ♦
Lactic acid** *
Succinic acid** ♦
Key; • - identified as B. ureolyticus; • - type strain; ♦“ - most strains positive; •• - non' 
volatile acids; NCTC - National Collection of Type Cultures; CLC - gas liquid chromatography
Table 15
Pattern of results obtained with species of the fraqills-qroup of Bacteroides in
biochemical and cultural tests
Test
Growth stimulated by- 
nitrate
Milk (acidity and 
digestion)
Gelatin liquefaction 
Motility
Aesculin hydrolysis v
Nitrate reduction \
Arginine decarboxylase 
Lysine decarboxylase 
Ornithine decarboxylase 
H^S production 
Oxidase 
Urease
Phosphoamidase 
a-galactos idase 
jS-galactos idase 
a-glucoBidase 
B-glucosidase 
B-glucuronidase 
N-acetyl->9-glucosamin idase
Patterns of results obtained with strains of
B.
fragilia
+
+
+
+
_+
+
+
B.
vulgatus
c
_+
B.
diataeonie
c
_+
B.
thetaiotaomicron
+
+
+
+
_+
♦
+
Key: c “ acid with clot; -+ - most strains negative; +” - most strains positive
asaccharolytic, corroding bacilli, species of this group were 
strongly proteolytic as they acidified and clotted milk. B. fragilis 
differed from B. distasonis only in its inability to liquefy gelatin 
and its production of H2S. B. vulgatus was different from B. fragilis 
and was differentiated from B. thetaiotaomicron also by its inability 
to liquefy gelatin. The 'fragilis' group were further characterised 
by their hydrolytic action on aesculin, unlike the asaccharolytic 
group. They also fermented many carbohydrates, and these results 
and their metabolic end-products are listed in Table 16, together 
with those of the other 'fermentative' species of B . melaninogenicus 
Fusobacterium spp. and Mitsuokella multiacidus. The fragilis-group 
of organisms were similar in their fermentation of various carbohydrates 
and only B. vulgatus differed in its production of butyric acid as a 
metabolic end-product.
6.4.4 The characterisation of melaninogenicus and fusobacteria groups 
and M. multiacidus
Tests for the characterisation of B. melaninogenicus, the fuso­
bacterium group and M. multiacidus are shown in Table 17. B . melanino­
genicus organisms differed from species of the fragilis group in 
possessing the two enzymes alpha- and beta-glucuronidase, and in their 
inability to produce H^S. They were not strong fermenters of carbo­
hydrates such as melibiose and xylose, and they did not produce propionic 
acid as an end-product in gas liquid chromatography (Table 16). The 
other reference strain of M. multiacidus lacked enzymes,such as phospho- 
amidase and N-acety 1-B-glucosaminidase, unlike B. melaninogenicus and 
members of the fragilis group. The fusobacteria formed a distinct group 
from the fragilis and melaninogenicus groups and were differentiated
Table 16
Pattern of roaulta obtained In fermentation teata and qaa chromatography (CLC) with aaccharolyt lc
epecien of Bacteroldea
Teat Patterna of reaulta obtained with atraina of
Permentation of
B. B. B. B. B.
Cragillo vulgatua dlataaonia theta- melanino-
lotaomicron genicue
glucoae
fructoae
galactoae
lactose
maltoae
mannoae
mellbloae
raff inoae
r iboae
atarch
aucroaa
xyloae
End-product ac
acetate
but/rate
propionate
lactate
auccinate
da
F . F. 8.
varium necrophorum multiacidus*
Key: • - Mitsuokella gen. nov. (transferred from Bacteroides);
-* - moat strains negative
some strains weakly positive:
Table 17
Pattern of results obtained with reference strains of Fuaobacterium epecies, M.
multiacidus and B. melaninoqenicua
Test Patterns of results obtained with strains of
F. P .
necrophorum varium
M. B.
multiacidus melaninogenicus
Growth stimulated by 
nitrate
Milk (acidity and 
digestion)
Gelatin liquefaction 
Motility
Aesculin hydrolysis 
Nitrate reduction 
Arginine decarboxylase 
Lysine decarboxylase 
Ornithine decarboxylase 
H*S production 
Ox idase 
Urease
Phosphoamidase 
a-galactosidase 
^-galactos idase 
a-glucos idase 
B-glucos idase 
B-glucuronidase 
N-acetyl-iS-glucosamin idase
c
_+
_+ _ +
Key: c - acid with clot; -+ - most strains negative; +“ - most strains positive
by their non-fermentative nature. They, were generally an inactive 
group lacking several enzymes such as alpha-and-beta galactosidase, 
alpha-and-beta glucosidase, beta-glucuronidase and N-acetyl-B-glucos- 
aminidase, and they did not hydrolyse aesculin.
In general, the results of the biochemical and cultural 
characteristics of the reference strains were satisfactory, using 
the method developed for this study.
6.4.5 Antibiotic-disc sensitivity tests for all groups
The results of the antibiotic-disc sensitivity tests fell into 
distinct patterns for distinctive groups. Five groups are listed 
and the results are shown in Table 18. Organisms in the asaccharolytic 
group, like W. succinogenes, gave similar patterns in that they were 
generally sensitive to penicillin, kanamycin, colistin, erythromycin 
rifampicin, metronidazole but resistant to vancomycin. On the basis 
of their susceptibility to these six antibiotics alone, W. succinogenes 
would be unidentifiable from the asaccharolytic group. However,
W. succinogenes belongs to a different genus, and has other physiological 
and biochemical differences. Moreover, among the Bacteroides species, 
the asaccharolytic organisms were the only group susceptible to penicillin, 
kanamycin, colistin, erythromycin, rifampicin and metronidazole. However, 
they were resistant to vancomycin like B. me1aninogenicus and members 
of the fragilis-group. The patterns of results obtained with members 
of the fragilis-group and B* melaninogenicus were identical but 
different from those of the asaccharolytic and fusobacterium groups.
In general, the organisms were resistant to penicillin, kananycin, 
colistin and vancomycin, but sensitive to erythronycin, rifampicin 
and metronidazole.
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6.4.6 Tolerance tests and reactions for all groups
Like the antibiotic-disc sensitivity tests, the results of 
tests of tolerance to bile salts and dyes were recorded for the 
five groups of anaerobes described previously. These results are 
also shown in Table 18. In general, four of the groups, namely the 
asaccharolytic, fragilis and fusobacterium groups and W. succinogenes, 
produced similar patterns in their tolerance to taurocholate, deoxy- 
cholate, brilliant green, gentian violet and victoria blue. B. melanino­
genicus , although producing similar results, was inhibited by 0.001% 
brilliant green. The reduction of dyes such as basic fuchsin, methyl 
violet, and neutral red was mostly variable. In particular, basic 
fuchsin was not reduced by organisms in any of the groups, although 
B. fragilis itself was seen to give a positive reaction. However, 
there was a tendency for organisms of the asaccharolytic and 'fragilis' 
groups, B. melaninogenicus, and w. succinogenes to reduce 0.005% methyl 
violet and 0.01% neutral red. Organisms in the fusobacterium group 
did not reduce these dyes. The pattern of results expected from 
reference strains used as controls, namely B. fragilis (NCTC 9343) and 
B. melaninogenicus (NCTC 9338), in antibiotic-disc sensitivity tests 
is shown in Table 19. Those expected from biochemical and tolerance 
tests by both positive and negative control organisms are shown in 
Table 20, In general, the results for the reference strains of 
Bacteroides and other Gram-negative anaerobes, originating from 
tests developed for the identification of anaerobic Gram-negative 
bacilli, were as expected. Hence the clinical strains, of straight- 
to-curved rods (B. ureolyticus) and anaerobic curved rods (Mobiluncus) 
were characterised using the methods outlined above.
Table 19
Reaulta obtained in antibiotic-disc aensitivity teats with two known 
control organisms of the Bacteroides species
Results indicated by zone diameter 
(mm)* from
NCTC 9343 NCTC 9338
Antibiotic B. fragilia B. melaninogenicus
chloramphenicol, 10 ug 3 s
clindamycin, 2 ug S s
colistin, 10 Mg R s
erythromycin, 30 Mg S s
erythromycin, 60 Mg S S
kanamycin, 1000 Mg R R
lincomycin, 2 Mg R S
metronidazole, 5 Mg S S
neomycin, 1000 Mg R S
neomycin, 10 Mg R R
penicillin, 2 units R sR
rifampicin, 15 Mg S S
vancomycin, 15 Mg R R
Key: * - <3mm - R; >5mm - S
Table 20
Results of control organisms in biochemical and tolerance tests
Test
Indole
Dextran hydrolysis 
Motility
Nitrate reduction 
Oxidase production 
Aesculin hydrolysis 
H jjS production 
Gelatin liquefaction 
Lipase activity
Tolerance
Sodium taurocholate 
Sodium deoxycholate 
Brilliant Green 
Gentian Violet 
Victoria Blue
Positive control 
organism
Result Negative control 
organism
Result
NCTC 10582 + NCTC 9343 -
NCTC 10582 +w NCTC 10583 -
B. coli + NCTC 9343 -
E. coli + NCTC 9343 -
Pa. aeruginosa + NCTC 9343 -
NCTC 9343 + NCTC 9338 -
NCTC 9343 + Sterile med ium -
NCTC 9338 + NCTC 9338 -
NCTC 9338 + NCTC 9343 —
NCTC 10583 G NCTC 9338
NCTC 10583 I NCTC 9338
NCTC 10583 I NCTC 9338
NCTC 10583 I NCTC 9338
NCTC 10583 G NCTC 9338 •
Key: + - positive; - - negative; +w - weakly positive; G - growth; I • 
inhibition of growth; IG  - inhibited or trace of growth; NCTC - National 
Collection of Type Cultures; NCTC 10582 - B. thetaiotaomicron; NCTC 10583 - B. 
vulgatus
6.'4.7 Biochemical and cultural tests on clinical isolates identified
as B. ureolyticus and Mobiluncus
The anaerobic curved rods isolated from women with bacterial 
vaginosis were divided into long and short rods. They were recently 
classified as Mobiluncus gen. nov., a new genus (Spiegel & Roberts, 1984). 
The straight-to-curved rods also isolated from them were identified 
as B. ureolyticus. These organisms were tested by the same procedure 
used in the identification and characterisation of the reference 
strains of Bacteroides. Some of the patterns of results derived from 
these strains in biochemical and cultural tests are compared and shown 
in Table 21. These organisms were quite different from the reference 
Bacteroides species, but like B. praeacutus the anaerobic curved rods 
displayed classical motility. The long and short curved rods gave 
somewhat varied reactions culturally and biochemically. The former 
were Gram-negative, crescent-shaped organisms (M. mulieris) sometimes 
with pointed ends, and most strains were gelatin and H^S-negative. 
Conversely, the short curved rods (M. curtisii-ssholmesii) were variable 
in their Gram reaction. Most strains were gelatin-positive, reduced 
nitrate and produced a- and 3-glucosidase. B. ureolyticus organisms 
were also quite different from Mobiluncus species. The main differences 
were that the former (i) exhibited a form of motility described as 
"twitching" (Henrichsen, 1983), (ii) required formate and fumarate 
for energy and growth like W. succinogenes (see Table 13), and 
(iii) liquefied gelatin and produced hydrogen sulphide, oxidase and 
urease. Strains of this species also decarboxylated arginine, lysine 
and ornithine like Mobiluncus spp. but with stronger reactions.
Table 21
Reaulta obtained with strains of Mobiluncus spp. and B.
In biochemical and cultural tests
ureolyticus
Patterns of results obtained with strains of
Test
Growth stimulated 
by nitrate 
Formate-fumarate 
requirement 
Pitting agar on 
primary culture 
Milk (acidity and 
digestion)
Motility
Gelatin liquefaction 
Aesculin hydrolysis 
Nitrate reduction 
Arginine decarboxylase 
Lysine decarboxylase 
Ornithine decarboxylase 
H^S production 
Oxidase 
Urease
Phosphoamidase 
a-galactos idase 
jS-galactos idase 
a-glucos idase 
/?-glucos idase 
^-glucuronidase 
N-acetyl-j9- 
glucosaminidase
M.
mulieris
+c
_+
_+
+“
+**
+"
_+
M. curtisii 
bb holmesii
_+
+c
+“
+
+~
v
V
+
_+
_+
+
V
B.
ureolyticus
+
+
_+
+t
+
+
+
+
+
+“
+
+
+~
Key: +c - classical motility; +£■ - twitching motility;
-+ - most strains negative; +" - most strains positive; 
v - variable
6.4.8 Fermentation tests and metabolic.end-products
Results of carbohydrate fermentation tests and gas liquid 
chromatography are listed in Table 22. The majority of the strains 
of long and short curved rods (M. mulieris and M. curtisiiss holmesii) 
did not ferment carbohydrates, like the strains of B. ureolyticus. 
However, a weak reaction for fructose, galactose, glucose, inositol, 
lactose, maltose, mannitol, salicin, sorbitol and sucrose was observed 
for one strain of the short curved rods. Conversely, strains of 
B . ureolyticus were asaccharolytic, and did not produce acetic acid 
as a metabolic end-product.
6.4.9 Antibiotic sensitivity and tolerance tests on Mobiluncus spp. 
and B. ureolyticus
The patterns of results obtained for Mobiluncus spp. and B. 
ureolyticus in antibiotic-disc sensitivity and tolerance tests are 
shown in Table 23. The long and short curved rods produced similar 
patterns in their susceptibility to kanamycin, erythromycin and 
rifampicin, although some strains of the latter showed a tendency 
towards resistance to penicillin, colistin, metronidazole and vanco­
mycin. Both groups of organisms were tolerant to 0.001% victoria 
blue, but growth was inhibited by taurocholate, deoxycholate, 
brilliant green and gentian violet. Conversely, the organisms of 
B. ureolyticus were generally resistant to vancorrycin (5 Mg, 15 Mg)' 
and they showed a general tolerance to brilliant green, gentian 
violet and victoria blue during growth bn solid media containing 
a final concentration of 0.001%. Moreover, they reduced other dyes 
such as neutral red and methyl violet at concentrations ranging from 
0.005-0.01%, unlike the species of Mobiluncus.
Table 22
Results obtained in fermentation testa and gas liquid 
chromatography (GLC) with strains of Mobiluncus spp. and B. 
ureolyticus isolated from women with bacterial vaginosis
Test Patterns of results obtained with 
strains of 
M. M. curtieii 0. ureolyticus
curtisii so holmeaii
Fermentation of
glucose
fructose
galactose
inositol
lactose
maltose
mannitol
salicin
sorbitol
sucrose
_+
_+
_+
_+
_+
_+
_+
_+
_+
_+
End-product acids 
acetate +
butyrate 
propionate 
lactate +
succinate +
Key: + - strains positive; -+ - most strains negative
Table 23
Results obtained in antibiotic-disc sensitivity and tolerance testa with 
Mobiluncua species and B. ureolyticus
Pattern of results obtained with strains of
Test
Antibiotic susceptibility 
Penicillin, 2 units 
Kanamycin, 1000 ug 
Colistin, 10 ug 
Erythromycin, 60 Mg 
Rifampicin, 15 Mg 
Metronidazole, 5 ug 
Vancomycin, 15 ug
Tolerance
Sodium taurocholate (2.5%) 
Sodium deoxycholate (0.5%) 
Brilliant Green (0.001%) 
Gentian Violet (0.001%) 
Victoria Blue (0.001%)
M.
mulieris
M. curtisii 
ss. holmeaii
sR
s
SR
s
s
SR
s*
B.
ureolyticua
S
S
S
S
S
S
Rs
I
I
G 1
G
G
Reduction
Basic fuchsin (0.005%) 
Methyl violet (0.005%) 
Neutral red (0*01*)
Key: R - resistant; S - sensitive; SR - most strains sensitive; R^ - 
most strains resistant; I - inhibition of growth; G - growth; G 1 « 
growth of most strains not inhibited; + - reduced; - •* not reduced
6.4.10 Reidentification of strains used for the test methods
Using the, identification scheme described, the reference strains 
fell into recognised, distinct species, and the unclassified strains 
of Mobiluncus and B. ureolyticus species isolated from the vagina also 
fell into distinct patterns. Six other strains of Gram-negative 
anaerobic bacilli isolated from the urethra were identified as 
B. asaccharolyticus, B. bivius, and B. melaninogenicus by this scheme. 
These species, and the number of strains fitting the identification 
scheme are shown in Table 24.
6.4.11 Tests for the characterisation of 102 NGU-associated strains 
from clinical studies
Sixty-four NGU-associated strains from the clinical studies and 
38 from the preliminary sampling survey were characterised and 
identified by the methods described previously. For these strains, 
a more comprehensive series of tests were applied as indicated in 
the sets of tables (see Tables 25-281 The strains were studied by 
their morphology, cultural characteristics, biochemical and phenotypic 
characteristics, constitutive enzymes,in tolerance tests, antibiotic 
sensitivity tests, carbohydrate fermentation tests, carbon utilization 
tests and by gas liquid chromatography. In all the tests, the NGU- 
associated strains were compared with the type strain of B. ureolyticus 
with which they shared many similar characteristics. The results of 
these tests are presented below.
6.4.11.1. Morphology. All the strains were Gram-negative, non-sporing 
obligately anaerobic bacteria. On primary isolation, following 
incubation at 37°C for 4 days on prereduced blood agar media, colonies
Key: 
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of the NGU-associated strains protruded■from other adjacent colonies 
of a mixed population. They were translucent, shiny, somewhat brownish 
pin-point colonies with a flattened periphery, and almost imperceptible 
until viewed under oblique lighting and at various angles. These 
colonies were seen to be synergistically interrelated with anaerobic 
Gram-positive cocci (Gaffkya anaerobia), hence the use of the pseudonym 
"symbiotic bacilli". Prolonged incubation resulted in extension of the 
peripheral zone and, on subculture, the colonies varied from 0.4-1 mm 
in diameter. Colonies did not fluoresce under ultra-violet light and 
the brown appearance was due to the blood incorporated in the media 
seen through the thin spreading periphery. On pre-reduced haemin- 
menadione blood agar, colonies invariably did not corrode the medium 
in primary cultures. However, for some isolates, a few colonies 
appeared to lie in a shallow depression following several subcultures. 
Moreover, when plain blood agar was used for primary cultivation, a 
few colonies of some strains were also observed to corrode the agar 
with a structure suggesting concentric raised rings with thinner 
depressed growth between.
The size of colonies on blood agar with additional growth factors 
other than vitamin K and haemin was increased. Thus, the addition 
of 0.2% sodium formate and 0.3% sodium fumarate increased colony 
size (see frontispiece) so that the observed inter-relationship with 
Gaffkya anaerobia was eliminated. In primary cultures, therefore, 
colonies appeared light golden-brown, umbonate and 1-2 mm in diameter. 
However, on further subculture, they invariably appeared grey and 
were not necessarily re-stimulated by formate and fumarate. The best 
medium for cultivation was enriched brain heart infusion supplemented 
with formate-fumarate (EBHIA-FF) as described in Appendix A.
Growth in liquid media as observed'from turbidity measurements 
was poor or absent following incubation at 37°C for 3 days. However, 
growth was enhanced by the incorporation of formate-fumarate, usually 
proceeding from the bottom of the culture as filamentous tufts, which 
was easily disrupted on agitation to produce appreciable turbidity 
after 48 h. Culturally and morphologically, the NGU-associated strains 
were indistinguishable from B. ureolyticus with which they were compared.
The cell morphology of the NGU-associated strains and B. ureolyticus 
(NCTC 10948) are shown in Fig. 19, and are fully described in Section 6.7.1 
(Light microscopy).
6.4.11.2 Cultural characteristics. The patterns of results obtained 
from examining the cultural characteristics of the NGU-associated 
strains and the type strain of B. ureolyticus are shown in Table 25.
All the organisms were obligate anaerobes which were tolerant of 5%
r
oxygen in an atmosphere , including 85.5% N^^ 2% and
7.5% C02 .They could also be tolerant of a temperature of 43°C when 
grown anaerobically. Growth was stimulated by formate and fumarate 
acting as electron donor and acceptor (growth factors), respectively.
They were not pigmented organisms, had no typical recognised capsule 
layer, and no proteolytic activity on milk. Haemolysis did not 
usually occur on blood agar although some of the NGU-associated strains 
produced alpha-haemolysis or a poorly resolved beta-haemolysis with 
5% sheep cells. Although pitting of agar is a common characteristic 
of B. ureolyticus, this phenomenon was not apparent on pre-reduced 
haemin-menadione blood agar with NGU-associated strains, on primary 
isolation. However, it was observed on plain blood agar and after 
several subcultures of some strains. Pitting or corroding of the agar 
itself was a variable characteristic and only 38 of 102 (37%) of the
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NGU-associated strains examined exhibited this feature. Both the 
NGU-associated strains and reference strains of B. ureolyticus had 
a tendency to form spreading colonies on blood agar, indicating some 
form of motility. However, negative staining showed that neither 
organisms possessed flagella, but they had multiple polar pili. The 
spreading phenomenon it seemed was due to the polar piliation which 
caused the "twitching" motility evident in these organisms.
6.4.11.3 Biochemical characteristics. Results of tests to examine 
biochemical and phenotypic characteristics of both the NGU-associatedi 
strains and reference strains of B. ureolyticus are compared (Table 26). 
None of the strains produced catalase, indole, lecithinase and lipase, 
and hone hydrolysed aesculin or dextran. Most of the NGU-associated 
strains decarboxylated arginine, lysine or ornithine while reference 
strains of B. ureolyticus gave variable results. Although tests for 
gelatinase were negative, 99 of 102 (97%) of the strains liquefied 
gelatin, like reference strains of B. ureolyticus. The production of 
hydrogen sulphide was not a differentiating feature in tests using 
sulphide-indole-motility medium, .and 67 of 102 (65%) of the NGU- 
associated strains were negative by that method. The reduction of 
nitrate to nitrite was a strong character among the organisms, 95
of the 102 (93%) NGU-associated strains giving a positive result.
All the strains produced oxidase and urease - a unique feature among 
this species. In biochemical tests for the fermentation of carbo­
hydrates (2.4.4.19) and carbon uti1isation (2.4,4.20),’none of the 
strains fermented the carbohydrates, or utilised the amino acids, 
organic acids or alcohols as sole carbon sources.
6.4.11.4 Constitutive enzymes. The NGU-associated strains and the 
type strain of B. ureolyticus (NCTC 10941) gave similar results in
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their constitutive enzyme pattern. All ,the strains produced esterase 
and esterase lipase, 100 of 102 (98%) produced acid and alkaline 
phosphatases and 86 of 102 (84%) produced phosphoamidase. Most of 
the strains, however, were negative for cystine, leucine and valine 
arylamidases, with only 36 of 102 (33%) giving a positive result.
The other enzymes, fucosidase, alpha- and beta-galactosidases,
N-acetyl-B-glucosaminidase, alpha- and beta-glucosidases, glucuronidase 
and mannosidase were inactive in these organisms.
6.4.11.5 Tolerance and sensitivity tests. The susceptibility of
the NGU-associated strains and the type strain of B. ureolyticus to
various antibiotics, dyes and bile salts in identification tests is
shown in Table 27. All the strains were Susceptible to colistin,
penicillin, erythromycin, kanamycin, rifampicin and metronidazole,
but the majority were resistant to vancomycin. The pattern of
tolerance to dyes and bile salts was basically similar, the majority
of the strains being intolerant of the dyes gentian violet, victoria
blue and brilliant green to a lesser degree. Methyl or crystal violet
was reduced by 72 of 102 (70%) of the NGU-associated strains and
reference strains of B. ureolyticus but the former had no action on
*
0.01% neutral red. Inhibition by bile salts was more or less similar 
among, the NGU-associated strains and reference strains of B. ureolyticus, 
51 of 102 (50%) of the former being inhibited by taurocholate while 
70% of the strains were tolerant of 0.5% deoxycholate. The variability 
in the results of tests for tolerance to bile salts made them unsuitable 
for identification purposes. However, other tolerance tests such as 
resistance to vancomycin (.5 pg), metronidazole (5 pg) and victoria blue 
(0.01%) could be useful in identification.
Several antimicrobial agents other than those used for identification
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of
purposes were tested (see Table 9). In-general, all the strains 
were sensitive to cefoxitin, chloramphenicol, clindamycin, gentamicin, 
minocyc1ine, na1idixic acid, neomycin, sulphamethoxazole, tetracyc1ine 
and resistant to polymyxin (0.01, 0.035 pg) and vancomycin (5 p g ) . 
About half were also resistant to cotrimoxazole (25 pg) and sulpha­
methoxazole (100 p g ) .
6.4.11.6 Gas liquid chromatography. The results of volatile and 
non-volatile fatty acids produced by the NGU-associated strains and 
two reference strains of B. ureolyticus are shown in Table 28. All 
the strains produced large amounts of succinic acid with fumarate 
being converted to non-volatile succinate during methylation. Lactic 
acid was not produced by any of the NGU-associated strains, neither 
was acetic acid and an unclassified methylated fatty acid. However, 
the reference strains of B. ureolyticus were weakly positive in their 
production of acetic acid, and they produced the unclassified, non­
volatile fatty acid at a constant temperature of 100°C. The retention 
times, indicating the height of the peaks obtained from the chromato­
grams are also shown. Despite those minor differences in their 
metabolic end-products, the NGU-associated strains were identified 
as B. ureolyticus and subsequently referred to as NGU-associated 
strains of B. ureolyticus.
6.5 The clinical and microbiological studies
Specimens were collected from 64 men with NGU, seven with 
gonorrhoea and thirty without clinical symptoms or signs. The method 
of collecting, transporting and processing anaerobes from clinical 
specimens are fully described elsewhere in this thesis. The results
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of testing the transport system using pure cultures of B. ureolyticus 
originally isolated from NGU cases are presented below. There was 
no appreciable loss of numbers of organisms during delay and trans­
portation. The mean number of organisms isolated from a first control
9 9at the start of the clinic was 3.8 x 10 orgs/ml compared to 3.7 x 10
orgs/ml from a corresponding control not subjected to transportation.
The mean number of organisms in the second control prepared at the end
9 9of the clinic was 4.4 x 10 orgs/ml compared to 4.6 x 10 orgs/ml from
a corresponding sample not transported. B. ureolyticus was isolated
from two clinical samples collected during that period, and the mean
number of organisms was 1.8 x 106 and 2.9 x 106 orgs/ml respectively.
The microbiological flora of the urethra was evaluated subsequently
from the.isolation of the anaerobic and facultative bacterial species
recovered.
6.5.1 Isolation of anaerobes .
Anaerobes were isolated from 57 (89%) of the 64 patients with 
NGU, all (100%) of those with gonorrhoea and from 24 (80%) of the men 
without disease at the time they were sampled. The anaerobes fell into 
5 broad groups: these and the distribution of the species are shown
in Table 29. Anaerobes comprising all the groups were isolated from 
patients with and without disease. The organisms of these groups which 
occurred frequently and in large numbers, were identified to species 
level. Clostridium species and Veillone11a species, however, were 
isolated less frequently than the other species, and both were 
distributed almost equally among patients with and without disease. 
Conversely, the peptococci were dominant members of the normal flora, 
and G. anaerobia and P£. asaccharolyticus were isolated more frequently
Table 29
Species of anaerobes isolated from the urethra of 101 men with and without
urethritis
Species
Bacteroides species 
B. ureolyticus (NGU- 
associated strain)
B. melaninogenicus
B. a s a c c h a r o l y t i c u s
B. b i v ius
Fusobacterium species
Corynebacteria species 
Propionibacterium acnes 
Bifidobacterium sp. 
E u b a c t e rium sp.
Clostridium species
C. sporogenes )
C. b i f ermentans /
Gram-positive peptococci 
Pc. a s a c c h a r o l y t i c u s  \ 
Pc. cons t e l l a t u s  (
Pc. productus |
G a f f k y a  a n a e r o b i a  '
Gram-negative cocci 
V e i l l o n e l l a  sp.
No anaerobes
No. (%) o£ patients with the indicated species
or groups
Non-gonococcal Gonococcal No Viable
urethritis urethritis urethritis nos./ml
(n-64)
32 (50) 
29 (45)
35 (55) 
8 (13)
48 (75)
8 (13)
7 (10)
(n-7) (n-30) in NGU
1 (14) 4 (13) >2 x 106
5 (71) 8 (27) <1 x 10s
5 (71) 8 (27) <8 x 10s
1 (14) 5 (17) <1 x 10s
6 (85) 20 (67) >2 x 106
1 (14) 3 (10) >1 x 103
0 (0) 6 (20) >1 x 103
from patients with disease than without, although the isolation 
rate in gonococcal urethritis was higher than in NGU. Species of 
Bacteroides and Fusobacteria occurred more or less with the same 
frequency as the Corynebacteria species. The most common isolates 
were B. asaccharolyticus followed by B. bivius and B. melaninogenicus; 
other members of the Bacteroidaceae were isolated less frequently or 
not at all.
The most striking difference, however, in the isolation of 
organisms from the various groups of patients was seen in the case 
of B. ureolyticus. It was recovered in large numbers from half of 
the men with NGU (NGU-associated strains of B. ureolyticus) but from 
only a small proportion of those with gonorrhoea and without disease 
(see Table 30). This difference is significant (Fisher's exact test, 
p = 0.0006). Strains of this anaerobe invariably grew synergistically 
with Gaffkya anaerobia on primary isolation, in the absence of 
specific growth factors (formate and fumarate) which were essential 
for energy and independent growth.
6.5.2 Isolation of facultative anaerobes
Bacteria growing facultatively formed part of the normal microflora. 
Their occurrence in the various groups of patients is shown in Table 31. 
The Gram-positive organisms which were predominantly staphylococci were 
found frequently, but about equally in all the groups of patients. 
Infrequently, the micrococci grew synergistically with B. ureolyticus 
instead of G.: anaerobia. The Gram-positive bacilli, mainly coryneforms, 
like the staphylococci, were isolated frequently in disease, but least 
often from patients without disease. Lactobacillus spp. and S. aureus 
were rarely isolated.
Table 30
Isolation of B. ureolyticus from 101 men with and without urethritis
No. (%) of patients with 
Non-gonococcal Gonococcal
urethritis urethritis No urethritis! Viable nos./ml 
Anaerobe (n-64) (n-7) (n-30) in NGU
B. ureolyticus* 32 (50) 1 (14) 4 (13) >2.0 x 106
Key: *In addition, this organism was isolated from 19 of 31 (61%) men who
were negative for both chlamydiae and ureaplasmas; and in 75% men 
experiencing NGU for the first time.
t66% of this group had a history of non-gonococcal urethritis, post- 
gonococcal urethritis or both
Table 31
Facultative anaerobes isolated from the urethra of 101 men with
and without urethritis
No. (%) of patients with the indicated 
species
Species
Gram-positive cocci 
S. aureus*
S. epidermic!ie 
Micrococcus luteust 
Micrococcus varianst
Non-gonococcal Gonococcal No
urethritis
(n-64)
60 (93)
urethritis urethritis
(n-7)
6 (86)
(n-30)
25 (83)
Gram-positive bacilli 
Corynebacterium renale 
C. xerosis 
Lactobaclllue sp.
54 (85) 6 (86) 12 (40)
Key: *0nly very rare in cases of NGU
ISome strains required 5-10% CO2 in air for initial growth 
(microaerophilic), but became facultative on subsequent sub­
culture
6.5.3 Isolation of chlamydiae and mycoplasmas
Chlamydia trachomatis was isolated from 14 (22%) of the 64 patients 
with NGU, from two (28%) of the seven men who had gonorrhoea, but not 
from 30 without disease. This intracellular organism was isolated from 
seven (30%) of 23 of the patients who were experiencing their first 
attack of NGU. Conversely, another agent of NGU, Ureaplasma urealyticum, 
was isolated from 27 (42%) of the men with NGU, from 3 (43%) of those 
with gonorrhoea and from 8 (27%) without urethritis. M. hominis, on 
the other hand, was recovered from only 8 (13%) of the men with NGU, 
from two (28%) of those with gonorrhoea and from 6 (20%) without 
urethritis.
The isolation of C. trachomatis and its relationship to anaerobes 
in NGU patients is shown in Table 32. Anaerobes were isolated from 
patients who were both chlamydia-positive and chlamydia-negative.
There was no significant difference in the isolation rate of anaerobes 
in chlamydia-positive and chlamydia-negative patients, except in the 
case of NGU-associated strains of B. ureolyticus. This organism was 
recovered from 28 (56%) of 50 men with NGU who were regarded as 
chlamydia-negative, but from only 4 (28%) of 14 men who were chlamydia- 
positive (p < 0.13; Fisher's exact test). In addition, B. ureolyticus 
was recovered from 19 (61%) of 31 men who had negative results for 
both chlamydiae and ureaplasmas. Furthermore, this anaerobe was 
found in 75% of men who were chlamydia-negative and experiencing NGU 
for the first time (see also Table 30). In view of the ill-defined 
aetiology of chlamydia-negative NGU, the occurrence of this anaerobe 
in such a large proportion of patients in this group was especially 
interesting. However, many of the other anaerobic species (Table 32), 
notably Peptococci, Clostridia, Corynebacteria and some Bacteroides,
Table 32
Percentage of chlamydia-positive and chlamydia-negative 
patiente with NGU from whom anaerobes were isolated
Chlamyd i 
(n
Anaerobe No.
B. ureolyticus 4
Bactero ides/
Fusobacteria epp. 8
Corynebacteria epp. 10
Clostridia spp. 3
Peptococcue spp. 12
-positive Chlamydia-negative 
14) (n-50)
% No. %
28 28 56
57 27 54
71 31 62
21 7 14
86 40 80
Table 33
Effect of treatment on 14 men with NGU who harboured anaerobea and returned for assessment
Clinical aflpeBement
No. of 
patients
4 *
2»
5*
3*
.Recovery of anaerobic bacteria
oer hioh power f i Mlri■B - ureo ly£ Jcu* Other anaerobe*
Antibiotic Before After Before After First Second
treatment treatment treatment treatment treatment visit visit Symptoms
Tetracycline ♦ ♦ ♦ ♦ 15-30 10->40 Not improved
Tetracycline - ♦ ♦ ♦ 30 >40 Not Improved
Tetracycline ♦ - ♦ ♦ 10-40 NONE Resolved
Tetracycline - ♦ ♦ 15-40 NONE Resolved
Key: *A11 patients were positive for either chlamydiae or ureaplasmas or both
(Both patients were negative for chlamydiae and positive for ureaplasmas
*A11 patients were negative for chlamydiae and ureaplasmas 
PMNL - polymorphonuclear leucocytes
were not considered to have a disease-delated correlation in the
two groups of patients e x a m i n e d .  ^ Neither was there a correlation for 
U. urealyticum which was isolated from 12 (44%) of 27 men who were 
ureaplasma-positive and 20 (54%) of 37 men who were ureaplasma-pegative
6.5.4 Clinical and microbiological response to treatment
The effect of treatment on 14 men with NGU from which anaerobes
were isolated and who returned for a clinical assessment is shown in
Table 33. Only this small number of treated men could be assessed.
Ten of them were chlamydia-negative, and three were positive, for both
chlamydiae and ureaplasmas at the outset. Before treatment, anaerobes
were isolated from all 14 men and B. ureolyticus was isolated from 5
*(71%) of seven men who had negative results for both chlamydiae and
rrycoplasmas, and from 4 (57%) of seven men who were positive for
either chlamydiae or ureaplasmas. Moreover, B. ureolyticus was also
isolated from two of the patients who were treated and were initially
chlanydia-negative and ureaplasma-positive.
The response to treatment varied in that four patients who
initially harboured B. ureolyticus did not respond microbiologically,
cytologically or symptomatically to triple tetracycline, while two
other patients who apparently became infected with B. ureolyticus,
*
although negative initially, showed a similar negative response. In 
contrast, five patients from whom B. ureolyticus was isolated recovered 
completely after being given triple tetracycline. Interestingly, one 
of two asymptomatic subjects who was chlamydia-negative, and from whom 
2* uraolyticus was isolated developed NGU two weeks later. Other 
anaerobes were isolated from all of the men both before and after 
treatment, indicating that tetracycline was not necessarily effective 
against all the anaerobes.
6.6 Cluster analysis of the numerical.taxonomic study
The results of cluster analyses from three different computations, 
namely, the simple matching coefficient (SgM), the Jaccard coefficient 
(Sj) and the pattern difference coefficient (Dp) gave similar groupings 
overall (Figs. 15-18). The cophenetic correlation coefficient for 
these analyses were 0.977, 0.947 and 0.941 respectively, and they 
calculated the agreement or distortion between the resemblance matrix 
and the dendrograms. The classification derived from the clustering 
of the simple matching coefficient by the unweighted pair group method 
with arithmetic averages (UPGMA) will be described in detail. However,
Some reference will be made to the pattern difference coefficient and 
the Jaccard coefficient.
In the dendrogram derived from UPGMA sorting by the simple 
matching coefficient (SgM) (Fig. 15), all the NGU-associated strains 
of B. ureolyticus grouped together at a similarity level of 86% (Area I).
At that level, five other areas were delineated by unclassified strains 
of anaerobic curved rods (Mobiluncus spp.) and reference strains.
Area I contains all the clinical, isolates from men with NGU, reference 
and unclassified strains of B. ureolyticus, including the type strain 
(NCTC 10941), three unclassified strains of B. ureolyticus isolated 
from women with bacterial vaginosis and one unclassified strain from 
a laboratory hamster. Area II contains reference strains of B. praeacutus, 
Wolinella succinogenes and E. corrodens, a facultative anaerobe with 
some phenotypic characters common to B. ureolyticus. Area III contains 
reference strains of Campylobacter species. Area IV contains all the 
anaerobic curved rods (Mobiluncus spp.) isolated from women with 
bacterial vaginosis. Area V contains reference strains of B. asaccharo­
lyticus , F. varium and F. necrophorum. Area VI contains.four strains
Fig. 15. Dendrogram derived from the simple matching coefficient (UPGMA sorting) 
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of the 'B. fragi1is group1, one strain,of B. melaninogenicus and a 
reference strain of B. multiacidus.
In the dendrogram derived from UPGMA clustering based on the 
Jaccard coefficient (Fig. 16), six areas were defined at 65% S.
Area I contains all the NGU-associated strains of B. ureolyticus, 
reference strains of B. ureolyticus, including the type strain (NCTC 
10941)f a laboratory hamster-strain and an unclassified strain of 
2* ureolyticus. Area II contains reference strains of B. praeacutus,
W. succinogenes, E. corrodens and a laboratory strain of B. ureolyticus 
(B. corrodens) that did not appear to cluster. Area III contains the 
Campylobacter strains only. Area IV contains all the anaerobic 
curved rods or Mobiluncus spp. isolated from women with bacterial 
vaginosis. Area V contains B . asaccharolyticus, F . varium and 
F. necrophorum. Area VI contains the fragilis-group of organisms,
B. melaninogenicus and B. multiacidus. Apart from a slight re­
arrangement of a few strains, the composition of the phenons was 
identical with the simple matching coefficient (SgM) and there was
no change in the classification based on the Jaccard coefficient (SJ.
J
The clustering based on the pattern difference coefficient defined 
seven areas at 99,5% S (Fig. 17); All the NGU-associated strains of 
2* ureolyticus except W5N4 and W2N13 grouped together in Area I, 
together with the reference and laboratory strains of B. ureolyticus. 
There were no major changes except for the following: the hamster-
strain moved into Area II, which now consisted of W. succinogenes 
and two NGU-associated strains of B. ureolyticus (W5N4 and W2N13) .
B. praeacutus moved into Area V with the fusobacteria, and B. asaccharo­
lyticus grouped with the other pigmented strain of B. melaninogenicus 
in Area VI. Overall, the NGU-associated strains of B. ureolyticus had
Fig.i6. Dendrogram derived from the Jaccard coefficient (UPGMA sorting)
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Fig.J 7. Dendrogram derived from the pattern difference coefficient by UPGMA sorting 
showing the similarity pattern among strains.
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a similarity pattern of 99.9% (Sp) based on their metabolic activity. 
Clusters derived from the Scvl, S and coefficients were essentiallyoM J lr
similar for both clinical isolates and reference strains. These 
coefficients did not alter the composition of subclusters Al and A2. 
However, in the pattern difference coefficient (Dp) there was a slight 
rearrangement of strains in A2 and a shift of subcluster A3 which was 
now reduced to two strains, W5N4 and W2N13.
6.6.1 Reproducibility
The average probability (p) of an erroneous result for a two- 
state character was 2.46 when calculated on the basis of the result 
for the 107 characters that varied for the 96 strains tested in 
duplicate. This is well within the range of probability considered 
to be acceptable by the criteria of Sneath & Johnson (1972). These 
tests were carried out on at least two separate occasions, employing 
the same medium, technique and convention for scoring. Eleven test 
characters had less than 85% reproducibility and were excluded from 
the taxonomic analysis. These tests were: growth of the strains in 
TYG medium, growth in TYG medium with menadione (0.1%) , growth in 
formate-fumarate blood agar at 43 °C, growth on formate-fumarate blood 
agar in an atmosphere of 5% 02, production of H2S, tolerance of 
2.5% sodium taurocholate, 0.5% deoxycholate and a mixture of these 
bile salts, reduction of 0.005% basic fuchsin, 0.005% methyl violet 
and also colony colour. The revised cluster analysis was based, 
therefore, on a total of 91 test characters.
6.6.2 Description of phenons
Phenon A (86%) contains all the clinical isolates termed NGU-
associated strains and identified as B'. ureolyticus, two reference 
strains of B. ureolyticus including the type strain (NCTC 10941), 
five strains of B. ureolyticus three of them isolated from women 
with bacterial vaginosis, and an unidentified but similar strain from 
a female laboratory hamster (Table 34). Three subphenons (A1-A3) 
were defined within the main cluster (Fig. 18), but the strains 
showed a high degree of relatedness in that they were indistinguishable 
morphologically and biochemically. Apart from W, succinogenes they 
are quite distinct from the other strains used in the study.
Subphenon Al (91.8% S) contains the majority (59) of the NGU- 
associated strains and reference strains of B. ureolyticus as well 
as one other laboratory strain of B. ureolyticus, all of which 
clustered together. There was a high degree of relatedness (97.5%) 
to each other. Any evidence of subgrouping is unwarranted as the 
strains could not be differentiated by any of the tests, used in the 
taxonomic study (Table 35). The tight clustering of the reference 
and laboratory strains of B. ureolyticus with the clinical NGU- 
associated isolates indicates that strains were phenotypically 
related, and belong to the same species. Their identification as 
B. ureolyticus appears to be the correct classification.
Subphenon A2 (92.5% S) contains three strains described as 
"vaginitis-strains", which were later identified as B. ureolyticus, 
isolated from women with bacterial vaginosis, and a morphologically 
similar organism isolated from the genital tract of a laboratory 
hamster. This small compact subgroup forms part of the main cluster 
and overlapped with the majority of the NGU-associated strains of 
£• ureolyticus at the lower similarity level of 89%. However, these 
strains were phenotypically indistinguishable from those of subgroup Al 
and correspond to the same species. Although closely related, the
A. W  1
Table 34
Strains or species studied
Strains or species Source* Nature#
P1N1, P1N10 r P4N5, 
P2N12, P3N9 f P1N3, 
P1N8, P2N17, P1N18 
P2N20, P1N20, P2N3 
P1N21, P2N7, P3N12 
P1N19, P2N13, P2N9 
Kll, K15
W1N5, W4N5, W4N15, 
W7N5, W1N10, W4N11 
W4N14, W2N2, W2N8, 
W3N3 , W2N17, W3N9, 
W3N17, W8N17 (x2) , 
W1N8, W1N4, W2N12, 
W2N14 (x2), W1N14, 
W5N4, W2N13 , W2N6r
P1N11, P2N14 
P1N7, P4N15 
f P1N13, P1N14 
, P2N81 P2N10 
, P1N5, P1N9 
, P1N12, P2N3 •
W1N13 
, W5N1 
W5N16 
W1N12 
W5N17 
W3N12 
W1N2 
W5N6
ST.98.12, ST.105.7, ST.114.9
B. CORROD x2
HS1
PSCL NGU-clinical
PSCL NGU-clinical
PSCL NGU-clinical
PSCL NGU-clinical
PSCL NGU-clinical
PSCL NGU-clinical
PSCL History of NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
SSCW NGU-clinical
STMSL NSV-clinical 
NPHH abscess-clinical 
CRCH hamster-strain
V-3.1, 22.1, 31.6, 50.7, ST.72.1 STMSL NSV-clinical (ACR)
V-MC37 
V-SA25
V-F81, V-F82
B. ureolyticus
B. asaccharolyticus 
B. melaninogenicus 
B. fragilis 
B. vulgafcue 
B. thetaiotaomicron 
B. multiacidus
B. praeacutus 
F. necrophorum 
F. varium
E. corrodens
C. coli
C. fetus
C. jejuni
B. distasonis 
W. succinogenes
PHLM NSV-clinical (ACR)
UOLS NSV-clinical (ACR)
PHLN NSV-clinical (ACR)
NCTC 10941 type strain
NCTC 10948
NCTC 9337
NCTC 9336
NCTC 9343
NCTC 10583
NCTC 10582
NCTC 10934
NCTC 11158
NCTC 10575
NCTC *10560
NCTC 10596
NCTC 11353
NCTC 5850
NCTC 11168 biotype 1 
ATCC 8503 
ATCC 29543
Key: *PSCL ** Praed St. Clinic, London; SSCW - Shrodells
Special Clinic, Watford; STMSL = St. Thomas' Medical School, 
London; PHLN = Public Health Laboratories, Newcastle;
PHLM = Public Health Laboratories, Manchester; UOLS » University 
of Lund, Sweden; CRCH =* Clinical Research Centre, Harrow;
NPHH *» Northwick Park Hospital, Harrow; NCTC * National 
Collection of Type Cultures; ATCC » American Type Culture 
Collection.
#NGU - non-gonococcal urethritis; NSV - non-specific 
vaginitis-? ACR - anaerobic curved rods
Fig.18.Simplified dendrogram showing the main clusters based on the simple matching 
coefficient and UPGMA sorting
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T es ts  used in  th e  n u m eric a l taxonom ic s tu d y
Table 35
T es t
code Length o f
number T e s t in c u b a tio n
Growth in ;
1 T ry p to n e -y e a s t-g lu c o s e  medium a t  37*C 4 days
2 T ry p to n e -y e a s t-g lu c o s e  medium + v ita m in  K 4 days
3 T ry p to n e -y e a s t-g lu c o s e  + haemin 4 days
4 T ry p to n e -y e a s t-g lu c o s e  + bovine  serum 4 days
5 B ra in  h e a r t  in fu s io n  medium 4 days
6 B ra in  h e a r t  in fu s io n  w ith  fo rm a te -fu m a ra te  4 days
Growth on:
8 P la in  blood agar 5 days
9 Colony c o lo u r , w h ite  or g re y  5 days
10 Colony c o lo u r , y e llo w  or orange 5 days
11 Colony c o lo u r , brown o r b la c k  5 days
14 Form ate -fum ara te  b lood agar a t  37°C 5 days
15 F orm ate -fum ara te  blood agar a t  43 °C 5 days
16 Colony c o lo u r , w h ite  or g rey  5 days
17 Colony c o lo u r , y e llo w  o r orange 5 days
18 Colony c o lo u r , brown or b la c k  5 days
20 Blood agar in  a i r  a t  37°C 4 days
21 Blood agar in  a i r  + 10% COjj 5 days
22 Form ate -fum ara te  blood agar in  5% 0® 5 days
23 B actero ideB  s e le c t iv e  blood agar 5 days
24 Fusobacterium  s e le c t iv e  blood agar 5 days
7 Growth s tim u la te d  by n i t r a t e  4 days
19 Growth s tim u la te d  by fo rm a te -fu m a ra te  4 days
25 Gram re a c t io n  4 days
26 C e l l  shape ( s t r a ig h t  to  curved rods) 4 days
27 C e l l  shape ( v i b r i o - l i k e  ro d s) 4 days
13 P i t t in g  agar on p rim a ry  c u ltu r e  5 days
28 M o t i l i t y  4 days
A cid from ;
29 Glucose 48h
30 A rabinose 48h
31 C e llo b io s e  48h
32 F ru cto se  48h
33 G a lacto se  * 48h
34 G ly c e ro l 48h
35 Glycogen 48h
36 Inos i t o l  48h
37 Lactose 48h
38 M alto se  48h
39 M a n n ito l 48h
40 Mannose 48h
41 M e lib io s e  48h
42 R a ffin o s e  48h
43 Rhamnose 48h
44 Ribose 48h
45 S a l ic in  48h
46 S o r b ito l  48h
47 S ta rc h  48h
48 Sucrose 48h
49 T reh a lo se  48h
50 X ylose 48h
Me ta b o lic  end-products
51 Form ic a c id  4 days
52 A c e tic  a c id  4 days
53 P ro p io n ic  a c id  4 days
Table 35 (continued)
T e s t
cot*e Length o f
number T e s t in c u b a tio n
54 B u ty r ic  a c id  4 days
55 L a c t ic  a c id  4 days
56 S u c c in ic  a c id  4 days
12 Haemolysis 5 days
57 A e s c u lin  h y d ro ly s is  2 -4  days
65 D extran  h y d ro ly s is  4 days
58 CatalaBe 3 days
71 Oxidase 3 days
72 Urease 2 days
69 L e c ith in a s e  3 days
70 L ip ase  3 dayB
68 In d o le  2 days
66 G e la t in  l iq u e fa c t io n  . 3 days
67 HiS from  th io s u lp h a te  2 -4  days
D e c a rb o x y la tio n  o f t
62 A rg in in e  2 days
63 L ys in e  2 days
64 O rn ith in e  2 dayB
59 C ross ley  m ilk  (a c id )  14 days
61 C ross ley  m ilk  ( c lo t )  14 days
C o n s t itu t iv e  enzymes
82 Acid  phosphatase I5 h
73 A lk a lin e  phosphatase I5 h
74 E s te rase  C-4 I5 h
75 E s te rase  l ip a s e  i5 h
76 L ip ase  C-14 I5 h
77 Leucine a ry lam id ase  I5 h
79 C y s tin e  a ry lam id ase  i5 h
78 V a lin e  a ry lam id ase  I5 h
80 T ryps in ase  I5 h
81 ChymotrypBinase is h
83 Phosphoamidase I5 h
84 a -g a la c to s id a s e  I5 h
85 /J -g a la c to s id a s e  l5 h
86 jS -g lucuron idase 15h-
87 a -g luco B idase  I5 h
88 /9 -g luco s id ase  I 5h
89 N -a c e ty l-^ -g lu c o s a m in id a s e  I5 h
90 a-mannoBidase I5 h
91 a -fu c o s id a s e  I5 h
R es is tan ce  to :
92 P e n ic i l l i n  3 days
93 Kanamycin 3 days
97 Erythromycin 3 days
94 Vancomycin 3 days
95 C o l is t in  3 days
96 R ifa m p ic in  3 days
98 M etro n id a zo le  ■ 3 dayB
102 B r i l l i a n t  green 3 days
103 G entian  v io le t  3 days
104 V ic t o r ia  b lu e  3 days
Growth in h ib it e d  by:
99 T au ro ch o la te  3 days
100 D eoxycholate  3 days
101 T au ro ch o la te  + d eo xycho late- 3 days
R eduction  o f :
60 N i t r a t e  2 -4  days
105 B as ic  fu c h s in  5 days
106 M e th y l v io le t  5 days
107 N e u tra l red- 5 days
'hamster-strain' unlike the others, was susceptible to vancomycin 
(15 pg) and resistant to colistin (10 pg). These organisms had 
multiple polar pili and exhibited twitching motility like the others 
in the cluster.
Subphenon A3 (86% S) contains five NGU-associated strains of 
B. ureolyticus and one other unclassified strain received as 
B. ureolyticus. This small subcluster forms part of the main 
cluster of phenon A and two strains, W1N2 and W5N6, appear not to 
cluster tightly, indicating that subphenon A3 is not robust, and 
could possibly have been rearranged in subgroup Al or A2 (see Fig. 15). 
Indeed, strains of this group were similar in their phenotypic 
characteristics to all the others in the cluster and no single test 
or set of tests could differentiate between subphenons Al, A2 and A3.
In effect, all the strains of phenon A could be conveniently grouped 
together into one cluster and not subdivided. The evidence of 
subgrouping seemed unrelated to phenotypic differences among strains, 
but.was probably due to slight variation in metabolic growth rates 
and other environmental factors (Sneath, 1968). The characters 
differentiating all the strains in phenon A from those in phenon E 
are shown in Table 36.
These characters are expressed as percentages of positive 
reactions for strains exhibiting the character. All the strains of 
phenon A exhibited twitching motility due to polar pili, while those 
of phenon E were motile by flagella. All the strains grew anaerobically 
in the absence of oxygen-free CC^. However, those identified as 
B. ureolyticus (phenon A) grew better on pre-reduced formate-fumarate 
blood agar, with formate’and fumarate acting specifically as "growth 
factors". These organisms were quite different from those of phenon E 
both in their morphological and biochemical characteristics. In the
The c h a ra c te rs  o f phcnona A and E expressed as 
percentages  o f s t r a in s  e x h ib it in g  t h a t  c h a ra c te r
Table 36
C h arac te r P h e n o n B
(no . o f s t r a in s )  
A (7 2 ) E (9 )
C e l l  morphology
Gram s ta in  re a c t io n  n e g a tiv e  100 33
Gram s ta in  re a c t io n  v a r ia b le  0 67
S t r a ig h t  and curved rods 100 0
R egular curved rods 0 100
M o t i l i t y  ( f l a g e l l a )  0 100
T w itc h in g  m o t i l i t y  ( p i l l )  100 0
Colony morphology
Growth on non-reduced b lood agar (<lmm) 0 100
W hite  or g re y  c o lo n ie s  94 100
Y e llo w  or orange c o lo n ie s  4 0
Brown or b la c k  c o lo n ie s  . 0 0
Haemolysis on blood agar 0 0
C o lon ies  p i t t in g  agar 44 0
Growth on reduced fo rm a te -fu m a ra te
b lood  agar (>lmm) 100 0
W hite  or g re y  c o lo n ie s  70 0
Y e llo w  or orange c o lo n ie s  1 0
Brown or b la c k  c o lo n ie s  0 0
Growth s tim u la te d  by n i t r a t e  78 78
Growth s tim u la te d  by fo rm a te -fu m a ra te  100 0
Growth on s e le c t iv e  b a c te ro id e s  agar 0 0
Growth on s e le c t iv e  fu so bacterium  agar 0 0
Growth on fo rm a te -fu m a ra te  b lood agar
a t  43°C 69 0
A e ro to le ra n c e
Growth in  a i r  a t  37°C 0 0
Growth in  a i r  + 10% CO£ 0 0
Growth a n a e ro b ic a lly  in  5% 02 33 0
Growth in  l iq u id  medium
T ry p to n e -y e a s t g lucose 64 78
T ry p to n e -y e a s t g lucose + 0 .1 %  v ita m in  K 65 78
T ry p to n e -y e a s t g lucose + 0.1% haemin 61 78
T ry p to n e -y e a s t g lucose + 0.1% bovine
serum 87 100
B ra in  h e a r t  in fu s io n  80 89
B ra in  h e a r t  in fu s io n  w ith
fo rm a te -fu m a ra te  100 89
B iochem ical te s ts
A e s c u lin  h y d ro ly s is  0 0
D extran  h y d ro ly s is  0 0
C a ta la s e  p ro d u ctio n  0 0
Oxidase p ro d u c tio n  100 11
Urease p ro d u c tio n  99 11
In d o le  p ro d u ctio n  0 0
L e c ith in a s e  p ro d u ctio n  0 0
L ip ase  p ro d u c tio n  0 0
H2S p ro d u ctio n  26 0
N i t r a t e  re d u c tio n  93 100
G e la t in  l iq u e fa c t io n  86 44•
A rg in in e  d ecarboxylase 94 67
L ysine  d ecarboxylase  92 56
O rn ith in e  decarboxy lase  94 44
M ilk  (a c id  change) 0 0
M ilk  (change w ith  c lo t )  0 0
Table 36 (continued)
C h arac te r Phenons
(no . o f B tra in s )
A (72 ) E (9 )
C o n s t itu t iv e  enzymes
A cid  phosphatase 99 89
A lk a lin e  phosphatase 94 100
E s te ra s e  C-4 100 100
E ste ra s e  l ip a s e 100 100
L ip ase  C-14 42 22
L eucine ary lam id ase 47 100
C y s tin e  ary lam id ase 37 11
V a lin e  a ry lam id ase 49 100
T ryp s in ase 12 0
Chym otrypsinase 15 0
Phosphoamidase 81 89
er-galactos idase 7 11
/9 -g a lac to e  idane 8 11
>S-glucur on idase 3 0
a -g lu c o o id a se 24 100
/9-g lucos idase 14 44
a-m annosidase 1 0
a -fu c o s id a s e 1 22
N -a c e ty l  /9 -g lucosam inidase 11 0
A cid  p ro d u ctio n  from :
Glucose 0 0
A rab inose 0 0
C ello b io B e 0 0
F ructose 0 0
G alacto se 0 0
G ly c e ro l 0 0
Glycogen 0 0
In o s i to l 0 0
Lactose 0 0
M alto se 0 0
M a n n ito l 0 0
MannoBe 0 0
M e lib io s e 0 0
R a ffin o s e 0 0
Rhamnose 0 0
Ribose 0 0
S a l ic in 0 0
S o r b ito l 0 0
S ta rc h 0 0
SucroBe 0 o
T reha lo se 0 o
Xylose 0 0
End-products from  g lucose o r fum ara te
Porm ic ac id 0 0
A c e tic  a c id  * 10 89
P ro p io n ic  a c id 0 0
B u ty r ic  ac id 0 0
L a c t ic  ac id 8 100
S u c c in ic  ac id 100 100
S e n s i t iv i t y  to :
P e n ic i l l i n 97 89
Kanamycin 100 100
E rythrom ycin 99 100
C o liB t ln  B ulphate 97 89
R lfa m p ic ln 99 100
Vancomycin 7 89M etro n id a zo le 99 67
B r i l l i a n t  green 4 100
G entian  v io le t 3 67
V ic t o r ia  b lu e 1 0
Sodium ta u ro c h o la te 76 100
Sodium deoxycho late 31 78
D eoxycholate  w ith  ta u ro c h o la te 88 100
R eduction  o f dyes
B asic  fuchB ln 33 0
M eth y l v io le t 81 0
N e u tra l red 12 0
absence of growth factors, the former produced small, pinpoint, 
translucent, seemingly brownish colonies (0.4-0.8 mm diameter) with 
a flattened periphery, but appeared as light yellow or golden-brown, 
umbonate colonies (> 1 mm diameter) in the presence of growth factors.
On subculture, colony morphology invariably changed to off-white or 
grey. All the strains produced urease and oxidase, and were capable 
of reducing nitrate to nitrite, and growing in an atmosphere of (2%),
CO^ (10%), ^  (83%) containing 5% C^. They were generally sensitive to 
tetracycline but resistant to vancomycin. These organisms were 
metabolically inactive and unable to ferment carbohydrates. However, 
they produced large amounts of succinic acid from the metabolic end- 
products of fumaric acid and/or glucose.
Phenon B (89.5% S) contains the type strain of Wo1ine11a succinogenes 
(ATCC 29543) and also one reference strain of B. praeacutus (NCTC 11158). 
Like B. ureolyticus, B. praeacutus is a non-fermentative species of 
Bacteroides with a low DNA base composition of 28 mol % G + C (Shah & 
Collins, 1983), but unlike W. succinogenes, the DNA base composition 
of which is 46 mol % G + c. Nevertheless, B. praeacutus and W. succinogenes 
have some phenotypic characters in common. They were different in their 
morphology, sensitivity to vancomycin, metabolic end-products and growth 
requirements for formate and fumarate. The taxonomic position of one 
of the strains is difficult to ascertain from their clustering. However, 
in the computation using the pattern difference coefficient (Dp), their 
taxonomic positions were altered so that B. praeacutus grouped with 
the metabolically inactive fusobacteria as expected and W. succinogenes 
with the "hamster-strain".
Phenon C (83% S) contains a single reference strain of E. corrodens 
(NCTC 10596) a facultative anaerobe which had few characteristics in 
common with the strains of phenon A.
i r z
Phenon D (95.7% S) contains the three reference strains of 
Campylobacter species, namely C. coli, C. fetus and C. jejuni which 
clustered together and showed a considerable degree of similarity 
(99.2% S) among themselves.
Phenon E (87% S) contains nine strains received as anaerobic 
curved rods (Mobiluncus spp.) from women with bacterial vaginosis.
The generic name Mobiluncus (gen. nov.) was later given to this group, 
and three species were reported, namely M. curtisii ss curtisii 
(type strain), M. curtisii ss holmesii and M. mulieris (Spiegel &
Roberts, 1984). However, only the last two were tested. These 
organisms formed a tight, distinct cluster (95.5% S) among themselves 
and were quite different from B. ureolyticus in their morphology, 
growth requirements and sensitivity to antibiotics. Unlike B. ureolyticus, 
they did not corrode agar medium; about half of the strains decarboxy- 
lated lysine and ornithine, only one was resistant to vancomycin, and 
the majority were fermentatively inactive, like the NGU-associated 
strains and reference strains of B. ureolyticus.
Mobiluncus strains produced small, smooth, convex colonies 
(< 1 mm diam.), mostly white or off-white to grey on media that were 
neither prereduced nor supplemen£ed with growth factors. No strains 
grew under aerobic conditions. They were generally negative for 
catalase and oxidase but reduced nitrate to nitrite. Like B..ureolyticus, 
acid and alkaline phosphatases and esterases were produced, but unlike 
them, the strains of phenon A did not produce oc-glucosidase. Most of 
the strains were sensitive to vancomycin, and the metabolic end-products 
from glucose were acetic, lactic and succinic acids. Characteristics 
distinguishing phenons A and E and all others in the study are shown 
in Table 37.
Characters d i f f e r e n t ia t in g  a l l  phenons from  each o th e r by any com bination  o f f i v e  te a ts
C h ara c te r
A B C D
Phenons 
E F G H J K
M o t i l i t y + t +c _ +c +c _ _ - - -
O xidase p ro d u c tio n + - + +(67%) -(89% ) - ' - - - -
Urease p ro d u c tio n + - - - -(89% ) - - - - -
A rg in in e  d ecarbo xy lase +(94% ) - + - + (66%) - + -(5 0 % ) + -
G e la t in  l iq u e fa c t io n + (86%) +(50%) - - +(44%) + - -(7 5 % ) + -
a -fu c o s id a s e - - - - -(78% ) - - 1 + - -
a -g lu c o s id a s e -(76% ) - - - + + + + +
B -g a la c to s  idase -(92% ) - - - -(89% ) - + + +
N -a c e ty l-B -g lu c o s a m in id a s e -(89% ) - - - - + - + + +
H2S fro m  th io s u lp h a te -(7 4 % ) + - -  . - + - +(75% ) - -
A c e tic  a c id  from  end-products -(90% ) + + - +(89%) + + + + +
L a c t ic  a c id  from  end-products -(92% ) + - +. + + + + +’ +
P ro p io n ic  a c id  from  end-products - +(50%) - - - + ' + + - -
Growth on non-reduced  b lood agar - +(50%) - + + + + + + +
Growth on fu s o b a c te r ia  s e le c t iv e  
agar _ _ _ _ _ _ + + + -
Growth on fo rm a te -fu m a ra te  agar + + - + - + + + + +
Growth in  5% oxygen +(33%) +(50%) + + - - - •- - +
Growth in  a i r  p lu s  10% COj - - + + - - - - -  ' -
R e s is ta n ce  to  b r i l l i a n t  green +(96%) + + - - - + + . -  ■ +
R e s is ta n ce  to  vancomycin +(93%) +(50%) - - -(89% ) - + + + +
S t r a ig h t  rods m a in ly + + + + + + + +
Kejh + , 99-100% s tr a in s  gave p o s i t iv e  re a c t io n s ;  0-1% s tr a in s  gave p o s i t iv e  r e a c t io n s ;  
t ,  tw itc h in g  m o t i l i t y  due to  p i l i ;  c , c la s s ic a l  m o t i l i t y  due to  f l a g e l l a .  F ig u re s  in  p aren th eses  
in d ic a te  th e  p ercen tage  o f s t r a in s  g iv in g  th e  in d ic a te d  re a c t io n  fo r  v a r ia b le  c h a ra c te rs .
T ab le  38
Summary o f re s u lts  o f com p u ter-a s s is te d  r e id e n t i f ic a t io n  o f re fe re n c e  s t r a in s  
R eference  s t r a in  Source P o s it io n  in  NT s tu d y  P o s s ib le  id e n t i t y
B. ureolyticus NCTC
B. u re o ly t ic u s NCTC
B. praeacutus NCTC
W. succinogenes ATCC
B. asaccharolyticus NCTC
B. m elan inogenicus NCTC
B. f r a g i l i s NCTC
B. v u lg a tu s NCTC
B. d is ta s o n is ATCC
B. thetaiotaomicron NCTC
3. multiacidus NCTC
F. necrophorum NCTC
F. varium NCTC
E. corrodens NCTC
C. coli NCTC
C. fe tu s NCTC
C. j e ju n i NCTC
10941? Phenon A; c lu s te re d  
10948j  w ith  N G U -s tra in s  
111587 Phenon B; unusual 
29543J grouping  
9337 Taxon F 7
9336 Taxon J J
9343 7 Phenon H; ro b u s t 
10583( c lu s te r  o f pheno- 
8503 J t y p ic a l ly  r e la te d  
10582J organisms
Taxon K; s e p a ra te  
10934 spec ies  from  
B a c te ro id e s  
10575? Phenon G; t i g h t  
10560J c lu s te r  
10596 Taxon C 
113537
5850 j Phenon D; t i g h t  
11168J c lu s te r
B. u re o ly t ic u s  
D o u b tfu l  
W. succinogenes  
Two d is t in c t  
spec ies
"B. f r a g i l is -g r o u p "  
o f organisms
B. m u ltia c id u s  
(basonym ); renamed 
Mitsuokella m u lt ia c id u s  
Fusobacberia
E. corrodens
Campylobacters
Key: NT = n u m eric a l taxonom ic; ATCC -  Am erican Type C u ltu re  C o lle c t io n ;  
NCTC = N a t io n a l C o lle c t io n  o f Type C u ltu re s
Phenon F (80.5% S) contains a single reference strain of 
B. asaccharolyticus which appeared taxonomically different from 
B. melaninogenicus in phenon J (77% S). They were sorted as two 
genetically distinct species.
Phenon G (92.5% S) contains two reference strains of the 
Fusobacterium spp., namely F. necrophorum and F. varium as members 
of one taxon.
Phenon H (88.2% S) contains four reference strains of the 
'B. fragilis group" of organisms, viz. B. fragilis, B. vulgatus,
B. distasonis and B. thetaiotaomicron. They'formed a small robust, 
cluster, taxonomically distinct from the other Bacteroides species 
used in the study.
Phenon K (74.2% S) contains a single reference strain of B. multi­
acidus which from this study appears to be taxonomically different 
from the other Bacteroides species. This species was recently re­
classified as Mitsuokella multiacidus (Shah & Collins, 1983).
Apart from the classified strains in phenons A and E, the other 
strains used in the study are reference strains of Bacteroidaceae and 
four facultative Gram-negative anaerobes which have well-defined taxa. 
Four of these taxa are represented as single strains and together 
with the other reference strains, their position in the taxonomic 
study and possible identity are shown in Table.38.
6.6.3 Characters useful for identifying the phenons
The GBEST program was used to obtain the minimum number of 
characters necessary to distinguish phenons from each other by at 
least four test differences.
Diagnostic table. Each phenon was examined for distinguishing
features which could be used for identification. Differential 
characters in the form of a diagnostic table for strains of B. ureolyticus, 
Mobiluncus spp. and others used in the study are shown in Table 39.
Four combined characters which distinguish B. ureolyticus from the 
others are positive reactions for urease, oxidase and arginine 
decarboxylase and the requirement for formate and fumarate.
6.6.4 Calculation of phenetic variation within phenon A
A hypothetical calculated group median organism was represented 
as lying between characters positively shared by each organism of the 
species group, and all characters which occurred positively in any 
member of the species group. Eleven characters were positive in all 
the.64 strains, an additional 52 were positive at least once among 
the strains, and 44 characters did not appear positive in any of the 
strains. The probability of the occurrence of characters in any strain 
was calculated arithmetically, and the calculated group median 
organism taken as having a probability of 99% characters ±0.1 standard 
deviation. The mean similarity Values were calculated for the member 
strains of the phenon in relation to the calculated group median 
organism arranged in order of the highest mean similarity, and are 
shown in Table 40. The members of the phenon show consistently high 
similarity values to their respective calculated group median organism.
The vigour value for the group or taxon is also represented (Sneath,
1968).
6.7 Ultrastructure of NGU-associated strains and reference strains
of B. ureolyticus
a. * '■»
Table 39
D i f f e r e n t i a l  c h a ra c te rs  fo r  B ac te ro id e s  u re o ly t ic u s  and o th e r in d ic a te d  anaerobes
ANAEROBES
1 2 3 4 5 6 7 8
D i f f e r e n t i a l  c h a ra c te rs
A ero b ic  grow th  - ■ - - _ - - - -
Urease p ro d u c tio n  + - - - - - - -
Oxidase p ro d u c tio n  + - ■- - - - -
A rg in in e  d ecarb o xy lase  + - +~ - + _+ + -
G e la t in  l iq u e fa c t io n  +~ _+ _+ + - + -
R e s is ta n ce  to
vancomycin + _+ - + + + + +
F o rm ate -fu m ara te
re q u ire m e n t + + - - - - - -
E nd-products  from
fo rm a te -fu m a ra te  b ro th  S ALS ALS ALS ALS ALS ALS ALS
Key: A, a c e t ic  a c id ;  L , l a c t i c  a c id ;  3 , s u c c in ic  a c id ;  + , >90% s tr a in s  gave
p o s it iv e  re a c t io n s ;  +~, 50-89% gave p o s it iv e  re a c t io n s ;  - + , 11-49% gave p o s it iv e  
re a c t io n s ;  <10% gave p o s it iv e  re a c t io n s
Anaerobes: 1 , B. ureolyticus; 2, W. succinogenes; 3 , Mobiluncus (M. m u l ie r is ,  M. 
c u r t i s i i  ss h o lm e s ii) ;  4 , B. a s a c c h a ro ly t ic u s ;  5 , Fusobacterium  spp. (F .  
necrophorum, F . v a riu m ); 6, B. fragilis s p p .;  7 , B. m e lan inogen icus; 8 , B. 
m u ltia c id u s  (M its u o k e lla  m u lt ia c id u s )
T ab le  40
S im i la r i t y  o f NG U-assbclated s tr a in s  o f B. ureolyticus
(phenon A) to  th e  c a lc u la te d  qroup median orqanism
arranqed in  o rd er o f th e  h iq h e s t mean s i m i la r i t y  '
S -v a lu e to  th e  c .q . m .o . o f B tra in s  in  phenon A
(V ig o u r: 0 .3 28 5  ± 0 . 0352; Taxon :ra d iu s : 0 .2 8 5 4 )
S t r a in  no. S -v a lu e  w ith  S t r a in  no. S -v a lu e  w ith
median* median*
% %
P2N12 99 .0 W4N15 9 3 .0
P1N1 9 8 .0 P2N3 9 3 .0
W5N16 9 7 .0 NCTC10948 9 3 .0
W2N8 97 .0 P1N3 9 2 .0
W2N2 9 7 .0  ' P2N8 9 2 .0
P4N15 9 6 .0 P1N13 9 2 .0
W4N14 9 6 .0 PIN 19 9 2 .0
P3N9 9 5 .0 K l l 9 2 .0
W5N1 9 5 .0  - W4N11 9 2 .0
W1N5 9 5 .0 WIN 14 9 2 .0
W2N17 9 5 .0 WIN 13 9 2 .0
P1N8 9 4 .0 S T .9 8 .12 9 2 .0
PIN 10 9 4 .0 W8N17 9 2 .0
PIN 14 9 4 .0 P1N9 9 1 .0
P2N20 9 4 .0 P2N20 9 1 .0
P2N14 9 4 .0 W2N6 9 1 .0
P1N20 9 4 .0 W2N12 9 1 .0
W3N3 9 4 .0 W2N14 9 1 .0
W1N8 9 4 .0 S T .105 .7 9 1 .0
W1N4 9 4 .0 B. corrod 9 1 .0
W3N9 94 .0 P2N9 9 0 .0
P1N7 9 3 .0 NCTC10941 9 0 .0
P2N17 93 .0 P2N13 8 9 .0
K15 9 3 .0 W5N17 8 9 .0
WIN 10 9 3 .0 W2N17 8 9 .0
W1N12 9 3 .0 P1N5 8 8 .0
W3N17 9 3 .0 P2N7 8 8 .0
W4N5 9 3 .0 PIN 12 8 8 .0
P1N1 9 3 .0 W8N17 8 8 .0
P2N3 9 3 .0 CRC-HS1 8 8 .0
PIN 18 93 .0 S T .114 .9 8 8 .0
P3N12 9 3 .0 W5N6 8 7 .0
P1N21 93 .0 B. corrod 8 5 .0
P4N5 9 3 .0 W1N2 8 4 .0
W7N5 93 .0 W2N13 8 4 .0
W3N12 9 3 .0 W5N4 7 9 .0
‘ Mean s im i la r i t y  o f th e  s t r a in  in d ic a te d  to  o th e r  
s tr a in s  in  th e  same phenon
6.7.1 Light microscopy
Strains of B. ureolyticus (NCTC 10948) and those isolated from 
cases of NGU were examined by light microscopy. Both appeared as 
straight to slightly curved rods (Fig. 19), the cells of B. ureolyticus 
(reference strain) measured 1-4 pm in length and had a cross-sectional 
width of 0.2-0.5 pm. Those of the NGU-associated strains of B. 
ureolyticus measured 1-6 pm and 0.2-0.6 pm in width. The organisms 
were all Gram-negative rods, non-pleomorphic, although the central 
area of many cells of the NGU-associated strains of B. ureolyticus 
stained unevenly with dilute carbol fuchsin as counterstain giving 
'the appearance of cocco-bacillary forms. Bacterial cells obtained 
from liquid-grown-cultures supplemented with formate and furoarate as 
growth factors were slightly thinner and longer, infrequently reaching 
27 pm in length. However, they were morphologically similar to 
those of plate-grown cultures and there were no significant or major 
differences between the reference strains of B. ureolyticus and those 
isolated from NGU although the latter appeared slightly longer. All 
the strains exhibited "twitching" motility in both liquid culture 
and on blood agar surfaces, but flagella were not observed by the 
appropriate staining procedures.
India-ink staining revealed no extensive capsule surrounding 
the bacterial cells. Metachromatic or volutin granules (Albert's 
stain) as well as lipid granules (Sudan Black stain) were not observed 
from the respective staining procedures.
6.7.2 Transmission electron microscopy - Glutaraldehyde-formaldehyde 
fixation
Thin sections of both plate- or liquid-grown cells of NGU-associated
Fig. 19. Photomicrographs of Gram-stained preparations of
(a) NGU-associated strain of B. ureolyticus (x 950), and
(b) reference strain of B. ureolyticus NCTC 10948 (x 600).
strains and reference strains of B. ureolyticus fixed with 
glutaraldehyde-formaldehyde showed typical Gram-negative morphology 
and the general appearance of such organisms (Figs. 20 & 21). The 
ultrastructural features of the NGU-associated strains of B. ureolyticus 
are shown in Fig. 22a. The peripheral layers of these isolates 
consisted of clearly delineated inner and outer membranes which were 
straight and parallel to each other, but the latter was slightly 
undulating in some strains. The inner and outer membranes were 
separated from each other by a distance measuring approximately 4-25 nm, 
and they had a typical bilaminar structure. The periplasmic space, 
the region between the outer surface of the cell membrane and the 
inner surface of the outer membrane, was filled with slightly 
electron-dense amorphous material, but did not contain a distinct 
peptidoglycan layer. In all of the NGU-associated strains examined 
in this study, the cytoplasmic region was composed of electron-dense 
particles, probably ribosomes, that were interspersed with the 
fibrous nucleoid. Many of these isolates showed electron-dense 
hair-like projections of varying thickness external to the outer 
membrane (Fig. 22a). Electron-dense cytoplasmic inclusions ranging 
in diameter from 24 nm to 88 nm dccurred in all strains but with 
varying frequencies. One of these inclusions (top arrow in Fig. 20b) 
is membrane-bound, the other (bottom arrow) appears multilamellar, 
and is probably mesosome. The cells of all the strains were non­
flagellated rods with round or flattened conical ends.
Reference strains of B. ureolyticus
The ultras tincture of the type strain (NCTC 10941) and another 
strain (NCTC 10948) showed similar features (Fig. 22b & c). The 
cells were short rods with flattened or round ends (Fig. 21 a & b) ,
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Fig. 20. Electron micrographs of NGU-associated strain of 
B. ureolyticus. (a) General appearance in pure culture. Note 
that cells are short rods with square or round ends. (b) Organism
showing cell-wall typical of Gram-negative bacteria. Note the 
slightly undulating cell-wall contour, the cytoplasmic inclusions 
some of which appear membrane-bound (arrowed). Bars represent 
1 pm in (a) and 200 nm in (b).
Fig. 21. Electron micrographs of reference strains of B. ureolyticus. 
(a) General appearance of strains, NCTC 10941 and (b) NCTC 10948.
Note the straight, short rods similar to the NGU-associated strains, 
and the cytoplasmic inclusions (arrowed). The cel1-wall contour 
appears slightly smoother than in the NGU-associated strains. Bars 
represent 200 nm.
Fig. 22. Electron micrographs of ultrathin sections of NGU- 
associated strains and reference strains of B. ureolyticus 
showing inner and outer cytoplasmic membranes (labelled).
The cells were fixed with glutaraldehyde-formaldehyde, block- 
stained with uranyl acetate, and section-stained with lead 
citrate, (a) NGU-associated strain, (b) NCTC 10941, type 
strain, (c) NCTC 10948. The outer (OM) and inner (CM) cyto­
plasmic membranes enclose an electron-dense periplasmic space 
(PS). Note the absence of a defined peptidoglycan layer. 
Electron-dense ribosomes (R) are interspersed in the fibrous 
nuclear region (NR). Bars represent 100 nm.
OM/
Fig. 22. Electron micrographs of the ultrastructure of 
NGU-associated and reference strains of B. ureolyticus.
like those of the NGU-associated strains of B. ureolyticus (Fig. 20b). 
Cellular cross-sections revealed an inner cytoplasmic membrane, an 
outer membrane and an intervening, slightly electron-dense space 
with no defined peptidoglycan layer (Figs. 22b & c). The outer 
membrane of both strains was parallel to the inner membrane. The 
former appeared relatively smooth in the type strain, but some cells 
of strain NCTC 10948 showed an undulating profile in thin sections.
The distance between the inner and outer membranes of both strains 
was approximately 11-23 nm and is comparable with those of the NGU- 
associated strains of B. ureolyticus (4-25 nm approx.). Both inner 
and outer membranes were bilaminar in structure. The cytoplasm 
of both strains showed electron-dense ribosomes in the nuclear 
regions and there were cytoplasmic inclusions, most of which were 
not membrane-bound. In all the strains of Bacteroides species 
examined in this study, the cytoplasm had a relatively electron-dense 
periphery and a fibrillar less electron-dense nucleoid region.
Overall, the ultrastructure of the NGU-associated strains was similar 
to the reference strains of B. ureolyticus.
6.7.2.1 Ruthenium red fixation and staining. Staining with ruthenium 
red (RR) allows the visualisation of acidic polyanionic polymers 
(Luft, 1964; Kasper, 1976; Woo et al., 1979; Holt et al., 1980).
The ruthenium red-positive material appears electron-dense in the 
electron microscope and represents acidic mucopolysaccharides. The 
results of ruthenium red localisation are shown in Figs. 23 a, c, e 
& g. It is apparent that the additional layer external to the outer 
envelope was intensely stained with RR. Electron micrographs from 
both the unstained and stained sections of the NGU-associated strains 
of B. ureolyticus demonstrated that the electron density of the RR-positive
Fig. 23. Electron micrographs of NGU-associated strains of 
B. ureolyticus (a-g) pp. 184-187. Ultrathin sections of organisms 
prepared by the glutaraldehyde-ruthenium red procedure (RR). 
Sections a,c,e,g stained with uranyl acetate and lead citrate; 
b,d and f unstained. The RR-positive layer from three different 
strains shows an electron-dense fuzz of varying thickness and 
structure external to the outer membrane (OM). Sections h,j show 
reference strains of B. ureolyticus. Note that the RR-positive 
layer on NCTC 10941 (h) and NCTC 10948 (j) is similar only to 
Fig. 23a, and there is a lack of aggregated extracellular material. 
Bars represent 100 nm in (a-f); (h-j), and 500 nm in (g).
layer was contributed totally by the RR material. Some strains 
showed a granular and thicker layer of this acidic mucopolysaccharide 
than others. They appeared to fit into three variations seen in both 
the stained and unstained sections. In Figure 23 a & b,the electron- 
dense RR layer was thin and firmly attached to the outside of the 
outer cell membrane with no extracellular projections (strain W2N8).
In Figures 23 c & d, the RR layer was thicker, more electron-dense 
with numerous extra-cellular, granular, tuft-like projections which 
interlinked (linkers; arrowed) adjacent and even distant cells 
(strain P2N13). In Figure 23 e & f, both the stained and unstained 
preparations showed the same degree of electron-dense material. The 
RR layer was similar to that seen in Figures 23 c Sc d but more globular, 
firmer tuft-like projections linked individual cells together (strain 
P1N12) . The same pattern was observed for strain P2N3 (Fig. 23 g) .
This RR material, in all cases except Figs. 23 a & b, was concentrated 
between adjacent cells and eventually spread to more distant cells 
forming a connecting link or 'bridge'; into what appeared to be a 
tight meshed arrangement. The extent of extracellular polymer 
deposition in NGU-associated strains of B. ureolyticus can be seen 
clearly in a direct comparison between glutaraldehyde-formaldehyde 
fixation (Fig. 22a) and RR staining. However, in addition to the 
RR-positive layer, tufts of electron-dense material seemed to originate 
directly from the RR-fuzz as fragments of the same material.
The RR-positive extracellular material was examined at three 
levels from the top one-third of several colonies. The top level 
produced the thickest layer of material ranging from 12-60 nm, 
whereas it was 7-17 nm in the central part and 8-23 nm at the bottom 
half of the organisms.
Electron micrographs of the type strain of B. ureolyticus (NCTC 10941)
Fig. 23 (contd). Ultrathin sections c & e stained with uranyl acetate 
and lead citrate; d & f unstained. Note that the RR-positive layer 
shows an electron-dense fuzz of varying thickness and structure 
external to the outer membrane (OM). Bars represent 100 nm.
Fig. 23 (contd.). Electron micrographs of NGU-associated strains 
of B. ureolyticus. Sections c-f (see page 184 for description).
Fig. 23 (contd). Ultrathin sections stained with uranyl acetate 
and lead citrate. Note that the RR positive layer on NCTC 10941 
(h) and NCTC 10948 (j) is similar to Fig. 23a and there is a lack 
of aggregated extracellular material. Bars represent 100 nm.
Fig. 23 (contd.). Electron micrographs of NGU-associated strain 
of B. ureolyticus (g) and reference strains of B. ureolyticus (h & j) .
and another reference strain (NCTC 10948) are shown in Figs. 23 h & j). 
Stained sections of these organisms demonstrated a thin layer of electron- 
dense RR-positive material, like that in Fig. 23a. However, the nature 
and type of mucopolysaccharide on some NGU-associated strains of 
B. ureolyticus was quite different (see Figs. 23 c & e).
6.7.2.2 Negative staining. Glutaraldehyde-fixed strains of B. ureolyticus 
(NCTC 10941 and 10948) and the NGU-associated strains were negatively 
stained with potassium phosphotungstate and in some cases shadowed with 
carbon-platinum. Electron micrographs of these are shown in Fig. 24.
None of the organisms appeared to possess flagella, but numerous polar 
pili were observed (Fig. 24). In some cases, the NGU-associated strains 
were bipolar (Fig. 24 a & c), and the metal-shadowed electron micrograph 
(Fig. 24c) shows clearly the site of the insertion of the pili. However, 
the "polar processes" seen on reference strain NCTC 10948 were not 
considered to be pili, but possibly fibrils of slime as they were 
considerably thinner and shorter (Fig. 24e) than those in Figs. 24 a-d) .
All three organisms had round or conical ends and were roughly similar 
in size and shape. However, slight differences were observed for the 
pili of the NGU-associated strains which varied from 6-10 nm in width 
(mean 4 nm) compared with 5-7 nm for the type strain of B. ureolyticus 
(NCTC 10941).
6.8 SDS-PAGE patterns of cel1-surface proteins of NGU-associated
strains and reference strains of B. ureolyticus
The major cell proteins of NGU-associated strains and reference 
strains of B. ureolyticus were analysed by one-dimensional sodium-dodecyl 
sulphate-polyacrylamide gel electrophoresis (Laemmli, 1970). Separation 
of the whole cell proteins produced patterns containing up to 40 visually
Fig. 24. Electron micrographs of negatively stained preparations 
of NGU-associated strains of B. ureolyticus (a,b,c). Note multiple 
polar pili and the bipolar arrangement and the attachment of the pil 
(shadowed, Fig. 24c). See reference strains of B. ureolyticus 
NCTC 10941 and NCTC 10948 on next page. Bars represent 500 nm in
Fig. 24 (contd.). Electron micrographs of negatively stained 
preparations of reference strains of B. ureolyticus NCTC 10941 (d) 
and NCTC 10948 (e). Note multiple polar pili on (d). The fine 
fibrils (arrowed) on (e) are probably slime material. Bars 
represent 200 nm.
detectable bands (Figs. 25 a & b) , but *as shown, all the strains did 
not produce similar patterns. The protein profiles were arbitrarily 
divided into 4 main regions with many other less dominant protein 
bands, interspersed within these regions. For most strains, the 
general pattern depicted and which appeared species specific is 
illustrated with areas delineated by zones A, B, C & D (Fig. 25b).
Zone A appeared as a triplet which occurred at approximately 164000 D.
Zone B appeared as 4 main bands consisting of doublets at 
92500 D, 72500 D, 66200 D approx. and a singlet at 55000 D. Zone C 
was the major protein band characteristic of the outer cell membranes 
of Gram-negative bacteria, occurring at 45000 D approx. It also 
included a triplet at 47500 D and a singlet at 52000 D approx. Zone D 
consisted of a singlet at 39000 D, doublets at 37500 D and 34000 D 
approx. and a quartet occurring at 28-31000 D approx. The molecular 
weights of the polypeptides were estimated by utilising a scale derived 
from the values of standard proteins with known molecular weights 
(log1Q) plotted against their relative mobilities in millimetres 
(Fig. 26). The protein patterns obtained with SDS solubilised whole . 
cells of strains of B. ureolyticus and their interpretation into 
specific patterns was based on r£ values rather than intensity of 
bands.
The protein profiles of NGU-associated strains of B. ureolyticus 
were compared with those of a laboratory strain and two reference 
strains of B. ureolyticus in lanes 8, 9 and 10 respectively (Fig. 25a) . 
The type strain (NCTC 10941) in lane 9 was identical with the laboratory 
strain in lane 8 and with NGU-associated strains in lanes 5, 7, 9 and 
11 (Pattern 1). However, strain NCTC 10948 in lane 10 was atypical, 
and although sharing many polypeptides with the other strains, had a
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Fig. 25. SDS-PAGE patterns of major cell proteins of nineteen NGU- 
associated strains, reference strains (NCTC 10941 and 10948) and a 
laboratory strain of B. ureolyticus. Lanes H and L contain molecular 
weight markers: myosin, 200 kD; beta-galactosidase, 116.2 kD; 
phosphorylase B, 92.5 kD; albumin, 66.2 kD; ovalbumin, 45 kD; 
carbonic anhydrase, 31 kD. On the left of Fig. 25(b) is a diagram 
delineating the probable patterns of B. ureolyticus species-specific 
groups of bands (A, B, C, D).
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Fig. 26. Graph for the determination of log^Q molecular weights 
of SDS-PAGE proteins derived from known standards.
major outer cell membrane protein band'in common with the strain 
in lane 1 at approximately 50000 daltons (Pattern 2). Other similar 
differences observed were for the strains in lanes 2 and 6 which 
gave major protein bands at approximately 46700 D (Pattern 3). The 
strains in lanes 3 and 4 gave major bands at approximately 42000 D 
(Pattern 4) .
The SDS-PAGE patterns of major cell proteins from a separate 
analysis are also shown in Fig. 25b. Overall, the patterns observed 
for the strains in lanes 2, 7, 8 and 11 (pattern 1) and 6, 9 and 10 
(pattern 2) were similar to those in Fig. 25a. However, some 
differences were evident: for example, strains in lanes 1 and 4
had a common major band at about 43000 D (Pattern 5) which was 
probably identical with those in lanes 3 and 4 (see Fig. 25a). The 
strains in lanes 3 and 5 were identical and shared a common major 
band at about 45000 D (Pattern 6). On the basis of their SDS-PAGE 
major cell proteins, five or six patterns were observed for B. ureolyticus 
strains and pattern 1 appeared to be the basic pattern exhibited by 
most strains, including the type strain (NCTC 10941) in lane 9 (Fig. 25a).
The protein patterns of the following strains: NCTC 10948, P2N12, P4N5, P2N3
P1N20, P1N3, W8N17 and Kll were not consistent with the others compared, 
yet their biochemical, morphological, physiological characteristics 
and GDC parameters were similar.
6.9 Serology - the occurrence of serum antibodies to B. ureolyticus
in patients with and without non-gonococcal urethritis
6.9.1 Antibodies to B. ureolyticus in hyperimmune sera by an MIF test
Experimentally-raised rabbit hyperimmune sera were tested by an 
indirect microimmunofluorescence test (MIF) for antibody to two known
bacterial antigens of NGU-associated strains of B. ureolyticus (W3N12 
and P2N20) homologous to the raised sera. An antibody titre of 1:2560 
(IgG) was found in the hyperimmune sera from 2 rabbits collected 
7-10 days after the final immunisation. As well as these, heterologous 
cross-reactions for other antigens resulted in titres of 1:640. The 
method employed was therefore sensitive and used for determining 
antibodies in human sera for homologous and heterologous crude bacterial 
antigens using fluorescein-labelled antihuman IgG. The preimmune sera 
from both rabbits had a titre of 1:10 only.
6.9.2 Antibodies to B. ureolyticus in the sera of patients with NGU
Strains of B. ureolyticus were isolated from about 50% of men 
with NGU. These organisms were used as antigens to evaluate serum 
antibodies in those men with disease.. Table 41 shows the antibody 
levels in the sera of 12 men with NGU who harboured B. ureolyticus in 
the urethra. Serum from each patient was diluted serially and tested 
against the homologous and 11 heterologous antigens. Antibodies of 
the IgG class at titres ranging from 1:40 to 1:640 were found in all 
the patients' sera. The titres were higher with some antigens than 
with others, but in general, the highest were recorded in tests with 
the homologous antigen. None of the sera from these patients produced 
a titre of <1:40 which was only recorded for a few heterologous one-way 
and two-way cross-reactions. Heterologous cross-reactions were seen 
with many of the antigens and indicated that the strains probably had 
common antigenic determinants (see Table 41). Antigens prepared from 
4 strains (W3N12, W3N3, P2N20 and P2N3) produced the brightest 
fluorescence and the highest titres were recorded by their use.
Antigen W3N12 which exhibited especially bright and consistent
Table 41
R e s u lts  o f t e s t in g  12 p a t ie n ts '  se ra  (NGU cases) a g a in s t  t h e i r  homologous and 11 h ete ro lo g o u s
antlqenB by immunofluorescence
A n tig e n  R e c ip ro c a l a n tib o d y  t i t r e  o f s e ra  fro m  p a t ie n tB  h a rb o u rin g  s t r a in  no.
-p rep ared  
from  
s t r a in  
no.
P4N15 P2N8 P2N20 P1N11 P2N14 W3N12 P1N20 PIN  18 P4N5 W3N3 P2N3 P1N8
P4N15 1 320 640 320 160 320 160 160 160 160 320 320 160
P2N8 320 1 6_40 640 160 160 160 320 160 160 160 160 160
P2N20 320 640 |I 640 160 320 160 640 160 160 160 160 160
PIN  11 320 320 160 1 160 320 160 320 160 160 160 160 160
P2N14 320 40 40 160 t_f?.40 __ 320 320 160 640 160 320 40
W3N12 640 640 320 160 320 1 -6 4 0 320 160 320 160 160 320
P1N20 320 160 160 320 320 160 ' 1 640 160 160 160 160 160
P1N18 160 320 160 160 160 160 160 ] 160 320 160 160 160
P4N5 320 160 320 320 320 160 320 160 1 320 160 160 320
W3N3 320 160 320 160 160 , 160 320 160 320 ]! 640 160 320
P2N3 320 320 640 160 320 160 320 160 320 160 |1 640 320
P1N8 320 320 160 160 320 160 160 160 320 160 160 1 320
fluorescence, among the others, was used for all further serological 
determinations in this study.
6.9.3 Distribution of serum antibodies to B. ureolyticus in men 
with and without NGU
Sera from 204 men with NGU and 170 without the disease were 
examined by the indirect microimmunofluorescence test for circulating 
antibodies to B. ureolyticus. The sera were obtained from four groups 
of men with and without NGU who attended a venereal disease clinic.
The breakdown of the serum samples was as follows: those from men
in an arthritis study group including Reiter's syndrome (66) and from 
normal men (106); those previously studied for Mycoplasma genitalium 
(34) and from normal men (48); those used in the development of an 
ELISA (42) and normal sera (16); those from patients in an antibiotic 
trial (62). The results of antibody distribution showed that serum 
samples from all the patients with disease had titres ranging from 
<1:5 - 1:640 with NGU-associated strains of B. ureolyticus used as 
antigens. However, only 19 (9%) had an antibody titre of <1:10 while 
185 (90%) of all the NGU sera had a titre ranging from 1:20 - 1:640.
As a result, the antibody threshold for NGU cases was established as 
1:20. Conversely, 163 (96%) of the sera from patients without NGU, 
regarded as controls, had titres ranging from <1.5 - 1:10; only 2 (1%) 
had a titre of 1:20 - 1:40 and 5 (3%) a titre of 1:80 - 1:160.
6.9.4 Distribution of antibodies to B. ureolyticus and other Gram- 
negative bacterial antigens in patients with NGU
In order to establish the significance of serum antibodies in 
patients with NGU, antigens from various NGU-associated strains of
B. ureolyticus were tested simultaneously with other members of 
the Bacteroidaceae, viz. B. asaccharolyticus, B. melaninogenicus,
B. fragilis, B. vulgatus and F. necrophorum. Also included were 
Mobiluncus curtisii sshoLmesii, M. mulieris and G. vaginalis, 
species isolated infrequently from the lower genital tract of men.
In comparison with the results for B. ureolyticus presented above, 
those for the 8 other bacterial species tested simultaneously with 
B. ureolyticus showed that there were important differences in antibody 
levels. Of the sera tested against antigens prepared from 4 Bacteroides 
species other than B. ureolyticus, 88-98% had an antibody titre in the 
range of <1:5 - 1:10, with 68% (approx) resulting from antigens prepared 
from B. melaninogenicus. In comparison, only 10% of these sera had 
such titres when the antigen was B. ureolyticus. Although it appeared 
that B. me1aninogenicus shared common antigenic sites with B. ureolyticus, 
the cumulative antibody result of 31% was decidedly lower than 90% for 
titres ranging from 1:20 - 1:640 exhibited by the sera tested against 
B. ureolyticus antigens. Even less important were antigen-antibody 
cross-reactions obtained with B. asaccharolyticus, B. fragilis,
B. vulgatus, F. necrophorum, Mobiluncus spp. and G. vaginalis. Their 
cumulative antibody result was in the range of 0 - 12%. Thus, sera 
of the majority of the patients with NGU had antibody titres that 
were low «1:5 - 1:10) when tested against bacterial antigens, other 
than B. ureolyticus.
6.9.5 Distribution of antibodies to B. ureolyticus in paired sera 
from men with and without NGU
Paired sera from 45 men with and without NGU were tested for 
antibodies to B. ureolyticus by the indirect immunofluorescence test.
All the men were from an arthritis-study group which included 6 
cases of Reiter's syndrome. In this investigation, it was possible 
to evaluate the antibody levels for both resolved and unresolved NGU 
after the patients were treated and underwent a period of convalescence. 
Twenty-four of 45 (53.3%) men had NGU and their antibody titre levels 
ranged from 1:40 - 1:640 in their first serum,sample. Twenty-one 
(87.5%) of these 24 men had a serum sample taken when their NGU had 
resolved,2 weeks to 19 months after the onset, and the antibody titres 
ranged from <1;5 - 1:320.
However, 3 patients still had NGU when sampled, the antibody 
titres being 1:80 - 1:160 after they were treated. Of the 21 cases 
that were resolved, 11 (52%) of the men presented an elevated antibody 
titre ranging from 1:80 - 1:320 over a period of 2 weeks to 10 months. 
However, the immune response in 8 (38%) of them varied, the antibody 
titre levels in their sera fell to the calculated normal level of 
<1:5 - 1:10 with half showing a fall within 2 weeks and the other 
half from 4 to 19, months. Chlamydia trachomatis and/or Ureaplasma 
urealyticum or both were isolated from some patients who presented 
with NGU, but there was no difference in the titre of antibody to 
B. ureolyticus in chlamydial-NGU, non-chlamydia 1 or non-mycoplasmal-NGU. 
Of the 21 patients who did not have NGU, all had antibody titres of <1:5 
1:10 (the normal level) over a period of 1-8 weeks.
6.9.6 Antibody titre increase against B. ureolyticus antigens in 
men with NGU
Paired 'sera from 70 patients with NGU were examined for antibody 
rises to NGU-associated strains of B. ureolyticus. The patients were 
from two groups: namely, 48 cases from the anaerobic-study group
involving men with NGU in a placebo double-blind antibiotic trial, 
all the cases being chlamydia-negative. The second group consisted 
of 22 cases from the arthritis-study group including 3 with Reiter's 
syndrome. The results indicated an increase in titre of antibody, 
i.e. four-fold or more in the paired sera of 22 men from the two 
groups, which was 31% of the total examined. In the former, the sera 
of 14 of 48 (29%) of these men gave antibody rises of the IgG class, 
ranging from a four-fold to eight-fold increase over a period of 1-2 
weeks. In the latter, 6 cases were known to be free of disease when 
the first serum sample was tested, the antibody titres being in the 
normal .range of <1:5 - 1:10. In the paired sera, all of these men 
had NGU with an increase in antibody titre ranging from four-fold 
to >100-fold over a period from 1-7 weeks. The levels of antibody 
in both groups remained high in the range of 1:20 - 1:640, but it 
was not known whether NGU had been resolved subsequently. As with 
the former, 8 of 22 (36%) men in- the second group had antibody rises 
of four-fold or more. Three of the patients in this group also had 
complete Reiter's syndrome.
6.9.7 Distribution of serum antibodies in chlamydia-negative and 
chlamydia-positive NGU
Serum specimens from 58 chlamydia-negative and 35 chlamydia- 
positive cases of NGU were examined for antibodies to B. ureolyticus. 
Antibody belonging to the IgG class was demonstrated in both groups, 
titres of 1:10 - 1:640 being recorded. Levels of antibody ranging 
from 1:20 - 1:640 were seen in 87% of the chlamydia-negative group 
and in 97% of the chlamydia-positive group. Antibody titre rises 
were also seen in 30% of the chlamydia-negative cases, described
earlier. In this group, all the cases,except two had elevated 
antibody levels of 1:40 - 1:640 over a period of 1-2 weeks. Serum 
antibody levels were sustained in 29 of 58 (50%) chlamydia-negative 
cases examined; however, 5 of 58 (8.6%) of these showed a fall in 
titre that ranged from 1:10 - 1:160 of a four-fold to sixteen-fold 
decrease over the same period.
6.9.8 Distribution of serum antibodies to B. ureolyticus in hospital 
patients with conditions other than venereal
Serum samples obtained from 108 hospital adult patients who 
were not admitted for venereal disorders were examined for antibodies 
against B. ureolyticus antigens. They attended for various conditions 
ranging from renal and hepatic abnormalities, diabetes, colitis, 
pregnancy to hypertension, postgastrectomy, and cancer of the caecum.
The results showed that antibodies of the IgG class to B. ureolyticus 
were present in the sera of these patients at titres ranging from 
<1:5 ->1:320. However, the distribution of serum circulating antibodies 
was different from patients with NGU. Overall, 56 of 108 (52%) hospital 
patients had antibody titre levels of <1:5 - 1:10, the calculated normal 
threshold, 52 (48% approx.) having titres ranging from >1:20 - 1:320. 
However, only 3 (2%) of these patients had antibody titres of >1:320,
12 (11%) had titres of 1:160, 13 (12%) had titres of 1:80, 14 (13%)
.had titres of 1:40 and only 10 (9%) had a titre of 1:20.
6.10 Organ cultures - use of organ cultures in toxigenic studies 
with B. ureolyticus
In the absence of a suitable animal model, organ cultures of 
fallopian tubes and bovine oviducts were used to study the effects
of toxic extracts of NGU-associated and reference strains of 
B. ureolyticus as a demonstration of their pathologic processes on 
genital mucosal tissue. A diagrammatic illustration of the fallopian 
tube laid open is shown in Fig. 12. The organ pieces were obtained 
from the isthmus, ampulla and fimbriated sections of bovine oviducts 
and fallopian tubes of non-pregnant women. These three anatomical 
areas, however, are known to vary in their proportion of ciliated 
cells: the isthmus region <50%; the ampullar region, 60-80% and
the fimbrial end, 70-90% (McGee et al., 1976). The quantitation 
of damage to the organ cultures either when suspended in MEM-HEPES 
culture medium or exposed to toxic bacterial extracts was assessed 
by observation of the ciliary activity at the periphery of various 
tissue pieces over a period of time, usually 3-4 days following 
aerobic incubation. Damage to the mucosal epithelial cells was also 
observed by direct comparison of test tissue pieces with control 
pieces that were generally suspended in MEM-HEPES only, and the 
uninoculated bacterial growth medium from which the toxic extract 
was obtained.
6.10.1 Suitability of supplemented MEM-HEPES medium for toxin 
production by B. ureolyticus
MEM-HEPES, a minimal essential medium containing Earle salts 
and glutamine has been shown to be the most suitable medium for organ 
cultures (McGee et al., 1976). A modified MEM-HEPES medium (see 
5.2.1) and supplemented BHI medium (B.Tx) (see Appendix A) were 
used to evaluate toxin production by B. ureolyticus following anaerobic 
growth. Bacteria-free extracts from these were used to test both 
fallopian tube and bovine oviduct organ cultures. The former was
found to be more sensitive to damage by uninoculated filtrates of 
B.Tx which was subsequently replaced by supplemented modified MEM- 
HEPES medium.
The results presented in Table 42 show that the buffered medium, 
MEM-HEPES acted as an indicator of growth in the presence of formate 
and fumarate. The pH increased from 7.5 to 8.5 as the number of 
organisms increased, and growth was indicated by a definite change 
in the colouration of the medium (pink/orange to magenta). In the 
absence of formate and fumarate, growth of B. ureolyticus was not 
indicated as shown by a fall in the number of viable organisms recovered, 
an unchanged pH and colouration of the medium. There was no difference 
in the viable count with or without antibiotics. Protease peptone and 
tryptone T were found necessary for toxin production, as observed 
from the effects of bacteria-free extracts on the organ cultures.
However, a concentration of >0.5% exerted a somewhat deleterious 
effect on the organ cultures. Bacterial growth in the medium, B.Tx, 
derived from enriched brain heart infusion, was not indicated by a 
colour or pH change. This medium caused more spontaneous damage to 
fallopian tubes than bovine oviducts, and was used for toxigenic 
studies only in the latter.
6.10.2 Assessment of ciliary activity from effects of toxic 
extracts of B. ureolyticus
The accurate quantitation of changes in ciliary activity was 
assessed by observing the peripheral areas of tissue pieces for the 
presence or -absence of cilia by means of an inverted microscope 
(100 x) (see Fig. 12) . Although some variation in the duration of 
ciliary activity was observed in some areas of uninfected cultures,
Table 42
Growth o f B. u re o ly t ic u s  in  v a r io u s  m edia used fo r  to x in  p ro d u c tio n  a f t e r  4 days
Growth fa c to r  or 
B a s a l medium* supplem ent
B H I-T x  F o rm ate -fu m ara te  (FF)
MEM-HEPES F o rm ate -fu m ara te  (FF)
MEM-HEPES None
MEM-HEPES A n t ib io t ic s #
MEM-HEPES Peptones (0 .5 % );
FF (0.2% )
MEM-HEPES Peptones (0 .7 % );
FF (0.2% )
MEM-HEPES Peptones (1 .0 % );
FF (0.2% )
N a tu re  o f medium and v ia b le  no . o f  organism s
B e fo re  growth
Nos. per 
Colour (pH) m l.
Orange ( 7 . 2 )  2.8x10®  
Orange ( 7 . 5 )  9 .3 x 1 0 s 
Orange ( 7 . 5 )  9 .3 x 1 0 s 
Orange ( 7 . 2 )  2 .3 x l0 9
Orange ( 7 . 2 )  1.5x10®
Orange ( 7 . 2 )  1.5x10®
Orange ( 7 . 5 )  1.5x10®
A f te r  g row th
Nos. per 
C olour (pH) m l.
Orange ( 7 . 2 )  2 8 .0 x l0 10
Magenta ( 8 . 5 )  2 .8 x 1 0 9
Orange ( 7 . 5 )  8 .2 x 1 0 s
Orange ( 7 . 2 )  1.1x10®
Magenta ( 8 . 8 )  1 8 .3 x 1 0 10
Magenta ( 8 . 8 )  1 8 .0 x 1 0 10
Magenta ( 8 . 5 )  2 0 .0 x 1 0 10
Key: *Supplem ented BHI and MEM-HEPES
# c e p h a z o l in /c a r b e n ic i l l in  o r a m p ic i l l in
it generally persisted for at least 3-4 days. The results in 
Fig. 27 show the percentage ciliary activity (PPCA) over a period 
of at least 3 days in fallopian tube and bovine oviduct organ 
cultures. The effect of lipopolysaccharide is shown in Fig. 28.
In all three cases, the uninfected cultures maintained most of their 
ciliary activity after 3 days. Although there were slight differences 
in PPCA of the organ cultures in MEM-HEPES medium and uninoculated 
control medium after 2 days, there was no difference after 3 days 
(P = 0.95) as both of them had >80% active periphery remaining.
The results showed that there was less variation in ciliary activity 
from fallopian tube organ cultures (FTOC) in MEM-HEPES than bovine 
oviduct organ cultures in B.Tx medium. However, the standard error 
(S.E. 6.3%) in the latter gradually diminished after 3 days to a low 
level of 0.7% providing an overall S.E. of 3.1% which was comparable 
to 3.8% calculated for FTOC after 3 days. In the case of bovine 
oviduct organ culture (BOOC) suspended in uninoculated growth medium, 
the standard error (S.E. = 15%) for the 3 days was consistent. However, 
it was four times greater than that obtained for fallopian tube organ 
cultures. The difference is probably due solely to the complex nature 
and composition of the culture medium (B.Tx).
These organ cultures were inoculated with the extracellular bacteria- 
free filtrates of B. ureolyticus at dilutions ranging from 1:5 - 1:20. 
Compared with uninoculated tissues, the inoculated ones showed more 
rapid and progressive peripheral ciliostasis over 3 days. However, 
there was a difference between fallopian tube and bovine oviducts.
In the former, ciliary activity remained unchanged after 24 h but was 
diminished over the 3 days, although it was still >60%. Coincidental 
with ciliostasis was the disorganisation of the epithelial cellular 
pattern whether the cells were secretory or ciliated. Further incubation
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Fig. 27. ciliary activity of peripheral areas of uninfected (•— — •) and
infected (*--- «f) fallopian tubs (left) and bovine oviduct (right)
organ cultures with bacteris-free toxic filtrates prepared 
from strains of 3. ureolyticus. Organ cultures were sustained 
in NGK-HEPBS (o— :— o) medium and a bacteria-free toxin-promoting
growth medium (•--- •). Results are expressed as the mean % ±
the standard error of the total % periphery of tissue pieces with 
ciliary activity relative to zero-time values for the same pieces.
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Fig. 28. Effect of purified lipopolysaccharide (LPS) from
B. ureolyticus on the mucosa of human fallopian tube. 
Results are expressed as mean % ± the standard error 
of the total percentage of pieces with ciliary activity 
relative to MEM-HEPES control.
beyond 3 days resulted in more cellular degradation and ciliostasis. 
Damage by toxic extracts to mucosal epithelial cells was typical 
in both organs, and there was more sloughing of ciliated and non- 
ciliated cells from the BHI-Tx medium. However, bovine oviduct organ 
cultures have not been tested with modified MEM-HEPES.
6.10.3 Effect of CO^ and anaerobiosis on bovine oviduct organ cultures .
Organ cultures are known to survive for days in MEM-HEPES medium 
when grown aerobically and about 60% of their ciliary activity can be 
maintained for at least 7 days (McGee et al., 1976).
The effect of CC^ in air on the ciliary activity of peripheral areas 
was dramatic, ciliary activity in both uninfected and infected cultures 
persisted for just one day, followed by complete ciliostasis. In 
contrast, under anaerobic conditions ciliostasis occurred gradually 
in uninfected, but was rapid in infected organ cultures which were 
maintained for 1 day following incubation. In the former, about 40% 
periphery showed ciliary activity after 2 days, but >10% ciliary 
activity was maintained after 3 days. In marked contrast, cultures 
which had been infected with B. ureolyticus organisms rapidly lost 
their ciliary activity within 24 h of anaerobic incubation. These 
observations led to studies of the toxic extracts instead in organ 
cultures.
6.10.4 Histopathological features from the effects of bacteria-free 
filtrates on organ cultures
Bovine oviducts. Cultures of bovine oviducts were inoculated with bact­
eria-free filtrates of B. ureolyticus at dilutions ranging from 
1:5 - 1:20. Sections were removed from the tissues after they remained
in that suspension for 3-4 days when they were prepared for histo­
logical examination. Sections of tissues that had not been inoculated 
but suspended in MEM-HEPES and bacterial growth media were used as 
controls. Histopathological changes that occurred during contact 
with a toxic factor are shown in Fig. 29. A normal mucosal surface 
is shown in Fig. 29A for an uninoculated tissue piece suspended in 
MEM-HEPES medium. Another piece that was suspended in uninoculated 
bacterial growth medium is also shown (Fig. 29B). The epithelia of 
both are intact and show characteristic alignment, although there was 
little or no cilia. After 24 h exposure, no abnormalities were seen; 
however, by day 3, the architectural pattern of the mucosa was dis­
organised, cells were vacuolated, rounded, and severe folding of the 
mucosal surface occurred. There was also loss of cilia, but despite 
these changes, cilia were still intact in some areas (Fig. 29C). In 
a further experiment, the damage to.the mucosa appeared more severe 
after 3-4 days (Fig. 29D). In this section, the epithelium was 
completely narrowed with loss of columnar pattern. Superficial cells 
sloughed off, leaving a layer of basal cells that were rounded, and 
appeared malignant. There was infiltration of the cells into the 
submucosa. A few cilia still appeared to be intact. The changes 
which occurred were similar for all strains examined, and not manifested 
in normal bovine oviduct tissue whether they were ciliated or not.
They appeared to be cellular and were: loss of cilia, loss of chromatin 
and cell pattern, loss of columnar pattern, vacuolisation, rounding 
and sloughing of cells, shedding of nuclear dust and retention of 
some cilia on damaged cells.
Fallopian tubes. Uninfected fallopian tube organ cultures appeared 
more sensitive to the bacteria-free filtrate used for bovine oviducts.
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Fig. 29. Photomicrographs of bovine oviduct tissues treated with 
£1:5-1:10 dilution of bacteria-free filtrate prepared from NGU- 
associated strain of B. ureolyticus (haematoxylin and eosin).
A, section of uninoculated tissue piece in MEM-HEPES medium, showing 
normal cellular pattern (x 550); B, section of tissue piece treated 
with filtrate of growth culture medium after 24 h. Note normal 
epilthelia (x 550); C, mucosal surface damaged by toxin after 3 
days. Note disorganisation and rounding of cells, vacuolisation and 
distortion of the nuclei (x 550); D, epithelium showing more 
progressive damage. Note loss of columnar pattern, sloughing of 
cells and infiltration of cells into the submucosal region (x 550).
Toxic filtrates that produced ciliostasis in these cultures were 
derived from a new modified medium of MEM-HEPES (5.2.1). The FTOC 
were inoculated with a 1:5 - 1:10 dilution of bacteria-free filtrates 
from a culture of NGU-associated and reference strains of B. ureolyticus. 
Sections of tissue pieces were removed after exposure to the filtrates 
and prepared for histological examination. Fig.30A shows the appearance 
of uninoculated fallopian tube tissue with normal mucosa/submucosa.
The epithelia are intact and cells show characteristic columnar pattern, 
even though non-ciliated cells predominate. Although little change 
occurred after 24 h there was severe disruption of the mucosa after 
3-4 days. Cells were vacuolated and grossly disorganised, and the 
majority were rounded. Compared with the top left of section, the 
other parts show progressive and severe damage, caused by a toxic 
agent (Fig. 3OB). The section shown in Fig. 30C appears normal with 
intact columnar epithelia and a few ciliated cells. This uninoculated 
tissue piece was grown in plain MEM-HEPES and appears similar with that 
treated with uninoculated bacterial growth medium.
The effect of lipopolysaccharide is shown in Fig. 30D. The LPS 
was prepared from strains that produced the reaction shown in Fig. 3OB.
The section shows a disorientation and disruption of the mucosa 
similar to Fig. 30B. Cells were vacuolated, rounded, and the character­
istic architectural pattern of the mucosa was lost.
Fig. 30E is a section prepared from a tissue piece treated with bact­
eria-free filtrate of the growth medium. The normal pattern and 
characteristic columnar cells are shown. There are few ciliated 
cells, but most are non-ciliated. By comparison, there was severe 
disorganisation of the epithelia in the tissue piece shown in Fig. 30F 
(NCTC 10948) . There was vacuolisation and rounding of the majority of 
the epithelia. The damage appeared to spread to the submucosa where
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Fig. 30. Photomicrographs of fallopian tube tissues treated with 
£1:5-1:10 dilution of bacteria-free filtrates of NGU-associated strain 
of B. ureolyticus (haematoxylin and eosin). A, section of tube showing 
normal mucosa (x 550); B, mucosa damaged by toxin and showing severe 
disruption, vacuolisation and rounding of cells (x 550); C, epithelium 
showing normal pattern in organ culture growth-medium, MEM-HEPES;
D, effect of LPS on mucosa, showing cell disorientation, disruption 
and vacuolisation, and loss of architectural pattern (x 550); E, 
epithelium with normal pattern after interaction with filtrate of 
growth medium (x 550); F, mucosa damaged by LPS from reference strain 
of B. ureolyticus (NCTC 10948). Note severe disruption, rounding of 
cells and cell-infiltration into submucosa (see also B).
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the majority of the cells became rounded. Despite the severity of 
the damage, a few cilia remained intact, and some sloughing occurred. 
This effect, similar to those of the NGU-associated strain of 
B. ureolyticus was produced by the reference strain of B. ureolyticus 
(NCTC 10948).
The reactions and changes produced by the toxic extracts of 
NGU-associated strains and reference strains of B. ureolyticus and by 
LPS were very similar, and were observed by light and scanning 
electron microscopy. Like bovine oviducts, the changes were cellular, 
but human fallopian tube tissue appeared more sensitive to the toxic 
agent produced by B. ureolyticus, judging from the severe damage 
caused to the mucosa, and cell infiltration to the submucosa.
6.10.5 Assessment of scanning electron microscopy
Structural changes to mucosal epithelia were induced by bacteria- 
free toxic extracts of B. ureolyticus strains on fallopian tube organ
cultures (FTOC). These extracts were extracellular and derived from
• 5mocula which produced viable organisms ranging from 4.5 x 10 to
6
2.8 x 10 colony forming units (cfu). Scanning electron micrographs 
of FTOC infected with this toxic agent are shown (Figs. 31 a, b & c) . 
At the lower magnification (1266 x) seen in Fig. 31a strands and tufts 
of cilia from damaged ciliated cells are scattered over the whole 
mucosal surface of the tissue piece. The microvilli although 
appearing somewhat normal on the secretory cells are completely 
erased in some areas. Cells which resemble mucus-secreting cells 
appear in a large cleft and other areas devoid of microvilli.
At a higher magnification (5063 x) Fig. 31b shows clearly the 
loose strands of unattached cilia, and cells devoid of microvilli.
Fig. 31. Scanning electron micrographs, (a) mucosal surface 
of fallopian tube organ culture (FTOC) 3 days after inoculation 
with bacteria-free toxic filtrate of NGU-associated strain of 
ureolyticus. Note sloughing of non-ciliated cells, and 
tufts of cilia scattered over the surface (SEM x 1266);
(b) Note tufts of broken cilia over the surface, non-ciliated 
cells with loss of microvilli marked by folds, ridges and deep 
depressions (SEM x 5063)? (c) Note sloughing of large and
small non-ciliated cells adjacent to deep depression, intact 
ciliated cells with bulbous apices (SEM x 5063).
Fig. 31. Scanning electron micrographs of fallopian tube tissue 
showing damage to mucosal epithelia caused by B. ureolyticus toxin.
Severe contortions, deep depressions and ridges on the mucosal 
surface are grossly emphasised. The result in Fig. 31c shows more 
of these ridges and depressions adjacent to which appear a sloughed 
secretory cell enveloped in threadlike material and loose strands of 
cilia. It also shows an attached ciliated cell with strands of 
cilia enmeshed by similar threadlike filaments. Although intact, 
some of the cilia show enlarged bulbous ends which were not seen in 
the control.
Effect of uninoculated MEM-HEPES. In non-infected FTOC pieces 
(Figs. 32 a, b & c) scanning electron microscopy shows normal surface 
structures. The microvilli and cilia are intact. Well developed 
dome-shaped, secretory cells and ciliary shafts are evident on the 
mucosa.
Effect of LPS. At low magnification (Fig. 33a) the electronmicrograph 
shows damage to the mucosa as described earlier. Parts of the mucosal 
surface show secretory and ciliated cells with microvilli and cilia 
that appear abnormal. Other parts show long intersecting strands or 
filaments on both secretory and ciliated cells, the cilia of which 
also appear abnormal. Many globular objects of unequal sizes appear 
scattered on the mucosal surface giving the appearance of microcolonies. 
At a higher magnification (Fig. 33b) the microvilli of some distinct 
secretory cells were elongated with blebs at the ends and were of mop­
like wavy appearance. Areas with depressions, ridges, shorter micro­
villi and intact cilia were seen. Another section of the mucosal 
surface (Fig. 33c) shows a more progressive state of the LPS toxicity. 
The long microvilli (Fig. 33b) of the secretory cells appeared to have 
been withered and aggregations of globular-looking objects resulted.
Fig. 32. (a) Mucosal surface of non-infected FTOC 3 days after
preparation showing ciliated, non-ciliated cells with numerous micro­
villi intact (SEM x 1266); (b) normal mucosal surface of ciliated and
non-ciliated cells (SEM x 5063); (c) normal healthy cilia and microvilli.
Fig. 33. (a) Mucosa of FTOC 3 days after inoculation with
lipopolysaccharide (LPS) from NGU-associated strain of 
B. ureolyticus. Note the difference in size and appearance 
of the microvilli and cilia in the upper and lower half of 
the section (SEM x 1266); (b) Note intact ciliated cells,
non-ciliated cells showing unusually long microvilli with 
bulbous apices (SEM x 5063); (c) mucosal surface showing
many non-ciliated cells with shorter microvilli than (b). 
Globular-shaped objects of varying sizes, not unlike micro­
colonies appear on the surface.
Fig. 33. Scanning electron micrographs of fallopian tube tissue 
showing damage to mucosal epithelia caused by B. ureolyticus LPS.
There was also some sloughing. Cells were devoid of microvilli 
and cilia", and the intact elongated microvilli still showed blebs 
at their apices.
S E C T I O N  S E V E N
DISCUSSION
7.1 Methods of isolating anaerobes from the microflora of the male >
urethra
The main problem in the isolation of anaerobes from a sample, 
clinical or otherwise, is the establishment and maintenance of a 
suitable environment while collecting, transporting the sample and 
cultivating the organisms. Various methods for collecting and trans­
porting anaerobes are known (Barry et al., 1972; Wilkins & Jimenez-Ulate, 
1975; Chow et al., 1976; Hill, 1978). It is also known that both 
anaerobes and facultative anaerobes actively metabolising have an 
oxidation-reduction potential (E^ ) ^-250 mv but most pre-reduced media 
(PRAS) can only attain an £-150 mv (Holdeman & Moore, 1977).
Although several methods have been reported for the isolation 
of anaerobes (Zabransky, 1970; Martin, 1971; Spaulding, 1972;
Rosenblatt et al., 1973; Collee et al., 1974; Holdemann & Moore, 1S77), 
those for recovering anaerobes from the urethra were developed to 
encompass a complex microecological population. Such microbial flora 
had not been studied intensively. Yet as early as 1950 Helmholtz had 
carefully studied the bacterial content of the male urethra, and 
reported that most of the bacteria were localised in the region 1-4 cms 
from the glans penis. Moreover, Gorbach & Bartlett (1974) showed that 
the anterior urethra and external genitalia are colonised by anaerobic 
as well as aerobic bacteria. The.methods of isolating these anaerobes . 
were intrinsically dependent on their survival in the sample from the 
time they were collected to their cultivation on agar or in liquid 
media. Initially, three important aspects were considered in this 
study, viz. .the method of swabbing the urethra, the method of protecting 
the organisms or delaying their death, and transportation of the . 
specimen. It was generally thought that "appropriate" dilution was
the best way of differentiating bacteria into individual morphotypes 
in a complex ecosystem. A prerequisite to successful methods of 
anaerobic culture was borne by the development of a liquid transport 
medium that could attain a low >-250 mv at pH 7.0. An effective 
low E^ >-300 mv (pH 7.0) was achieved with a chemical reducing agent, 
titanium trichloride complexed with sodium citrate. It was first 
described by Zehnder & Wuhrmann (1976) as a non-toxic oxidation- 
reduction buffering system for the culture of obligate anaerobes. 
Although autoxidisable, its extremely low E^ (-300 to -420 mv; pH 7.5) 
provided a maximum safety for obligate anaerobes, including extremely 
oxygen-sensitive anaerobes (EOS). The devised transport medium did 
not support the growth of anaerobes during transportation; moreover, 
it enabled a quantitative estimation of the number of viable organisms 
by dilution and selection of the various morphotypes in the sample. 
Many other transport media have been used for transporting clinical 
samples, but they were found unsuitable for a quantitative study of 
this type (Stuart, 1959; Cary & Blair, 1964; Amies, 1965; 1971).
The choice of a calcium alginate-wool swab on an aluminium wire 
shaft was made because such.swabs are fairly small, and because 
alginate-wool swabs are generally accepted as providing a greater 
recovery of representative organisms due to their longer survival 
in such a sample (Higgins, 1950; Cruickshank, 1953). The use of 
alginate-wool swabs enabled small numbers of fastidious anaerobes to 
be recovered from little or no purulent material normally encountered 
in specimens from NGU cases. Even so, for optimum results, anaerobes 
were protected using heat-inactivated bovine serum incorporated in 
both the transport medium and the swab, as it was already established 
from preliminary studies that blood products (laked blood and serum) 
were useful "protective" agents for anaerobes. Premoistening the
intact swab inside its container to form a serum-coated swab had 
the distinct advantage that it was never exposed to atmospheric 
oxygen before use; besides, it facilitated entry into the urethra.
As in the case of other swabbing techniques, the organisms were 
held on the swab, but extra protection was afforded by their trans­
portation in a reduced environment. Of course, many organisms may 
be retained on the swabs if they are stroked directly on agar as in 
direct agar-plating, but in this study the organisms were carefully 
dislodged from the swabs directly into the liquid transport medium 
for further dilution and/or cultivation on plates. In comparative 
studies, direct culture on agar medium was shown to be least effective 
in isolating anaerobes, using other sampling methods such as transport 
dilution-medium, transwabs and urine. A transwab is essentially a dry 
nasopharyngeal alginate-wool swab transported in Amies medium (Amies, 
1971). Of the four sampling methods, more anaerobic morphotypes 
were recovered from PRAS media as a result of the transport dilution- 
medium. The survival of anaerobes in various transport media was 
clearly observed to be derived from blood products. However, it is 
important to emphasise that only concentrations of 3-5% resulted in 
optimal recovery of anaerobes. It is not clear why serum 'protects' 
but haemoglobin is probably the important factor in laked blood (Smith 
& Ferguson, 1977).
In the cultivation of anaerobes from the urethra, the development 
of an all-purpose solid medium was essential for actively metabolising 
bacteria, some of which would be affected by limiting concentrations 
of various metabolites or substrates. Several agar bases were tested, 
among them tryptone soya broth, Columbia agar and brain heart infusion, 
but the best in terms of colony-forming units was brain heart infusion 
blood agar enriched with various 'defined' supplements. Most clinically
important anaerobes would grow well in/on media with <:-150 mv, 
and this was achieved by incorporating reducing agents such as 
cysteine hydrochloride (0.1%), and sodium formaldehyde sulphoxylate 
(0.03%) in PRAS media. However, with a transport medium (E^ >-300 mv) 
which maintained the viability of all anaerobic morphotypes, the 
recovery of anaerobes on solid media was made easier.
Selective media were not used to suppress the growth of other 
organisms during primary isolation. Such media might have disturbed 
the equilibrium of the bacterial log phase causing premature death 
of the anaerobes. The question of overgrowth of some bacteria by 
others which might occur in the absence of selective inhibitors was 
overcome by the dilution procedure (Fontaine & Taylor-Robinson, 1981). 
Subsequently, the use of selective inhibitors such as antibiotics and 
dyes (Borriello et al.,1985) was especially effective in the isolation 
of B. ureolyticus from about 50% of cases of NGU (Fontaine et al., 1982). 
In practical terms, the selective medium enabled this anaerobe to be 
recovered from a larger proportion of clinical specimens in pure 
culture than did non-selective medium.
In the processing and cultivation of anaerobes in an anaerobic 
chamber, individual morphotypes were obtained by dilution. There 
was never any variation in the proportion of morphotypes recovered 
from the diluted and undiluted specimens, indicating that the dilution- 
method did not affect the bacterial population. However, streaking 
agar plates with a bacteriological loop produced more colonies than 
spreading with a glass rod. The length of incubation was important, 
at least 5 days being necessary for optimal growth. Anaerobic 
chamber methods were compared with conventional methods such as 
evacuation-replacement and Gas-Pak jars (Watt et al., 1974). From 
this study, anaerobic chamber methods produced better results in the
recovery of anaerobes, especially from'processing and growing the 
cultures inside the chamber. However, modifications to the standard 
jar and evacuation procedure, relative to secondary vacuum (Collee 
et al., 1971; Collee & Watt, 1973), and improving the surface area 
of the catalyst as discussed in this thesis, made the recovery of 
clinically important anaerobes easier. This has been noted by other 
investigators (Collee et al., 1972; Watt', 1973).
Anaerobes are diverse in their needs for anaerobiosis and a 
culture method suitable for one species may be entirely unsuitable 
for a more oxygen-sensitive one (Smith, 1975). One method that does . 
not find much use in the clinical laboratory is anaerobiosis with 
steel-wool impregnated with copper sulphate, first described by Parker 
(1955). Although not employed in the isolation of anaerobes, it was 
used to transport clinical specimens. A comparison with Gas-Pak jars 
demonstrated that it was equally effective in providing anaerobiosis 
for maintaining the viability of anaerobes during transportation.
The methods described have been found to be workable and 
reproducible in the successful recovery of anaerobes from clinical 
specimens. In the preservation of bacteria for further study, 
freeze-drying has been the standard practice. However, a new method 
developed for this study was to preserve bacteria, together with agar 
shreds scraped from lawns of pure cultures, in laked blood. The 
in situ organisms remained viable for several years frozen at -20° 
to -70°C. Apart from storage space problems, the method offers the 
advantages of simplicity and cost-effectiveness.
7.2 The clinical and microbiological studies
A. Preliminary clinical sampling
The evaluation of the clinical studies was based initially on a
pilot sampling study which included reference organisms representing 
various morphotypes of a mixed population, viz. B. melaninogenicus,
B. fragilis, V. parvula, P. acnes, G. anaerobia and CjL sporogenes.
The inclusion of B. melaninogenicus, a more demanding organism than 
the others, provided a good presumptive index of acceptable or 
unacceptable methods. Besides the development of methods for the 
isolation of anaerobes from the urethra, the clinical sampling formed 
a major part of this study in an attempt to understand the role that 
anaerobes might play in NGU. To arrive at successful methods of 
optimal recovery from clinical samples, the clinical studies consisted 
of a preliminary survey which encompassed all the earlier developmental 
methods. This was followed by further clinicat and microbiological 
studies with improved methods that were tested with reference strains, 
including B. ureolyticus.
In the first series of experiments to evaluate the test media in 
the clinical situation, attempts were made to isolate all the anaerobic 
morphotypes in the urethral sample. The number of subjects sampled 
was moderately small, but the work was considerable as various parameters 
were considered in order to show the efficacy of the methods employed.
An attempt was made to show (i) the difference in the recovery of 
anaerobes from the use of dry swabs, premoistened serum-coated swabs 
and transwabs, and (ii) the number of morphotypes recovered from the 
urine of patients who had been sampled previously. The most si.gnifi.cant 
aspect of this clinical investigation was the evaluation of the transport 
medium, its oxidation-reduction potential (E^), its transportation under 
anaerobic conditions in Gas-Pak jars, and in miniature anaerobic jars, 
using for the first time anaerobiosis due to 'copper-coupling' of 
acidified copper sulphate and steel-wool (Attebery & Finegold, 1970).
Four vari.ati.ons of the transport medium were tested to show the importance.
of and viability of anaerobes in liquid transport medium until 
inoculated on plates. It was obvious from the results that the E^ 
was a major factor in determining the number of morphotypes that could 
be recovered from a mixed and varied bacterial population as found 
in the urethra. The lower the E^, the more bacterial types that were 
recovered. It was also clear that all the organisms in the mixed 
population were recovered judging from the qualitative studies by 
Gram-staining. Other important observations were that the use of 
dry swabs did not yield as many morphotypes as those premoistened 
with either laked blood or bovine serum. Even with these as 'protective' 
agents there were fewer morphotypes in the presence of a more positive 
E^. This suggested that all bacteria actively metabolising have a 
predisposition for quite a low E^. However, it is difficult to 
assess the contribution of any single factor in the loss of viability 
of organisms in vitro or in vivo. Both laked blood and serum seemed 
effective in transport media with a low E^. Transwabs although 
specifically designed for isolating anaerobes did not yield more than 
four morphotypes, even when the swab was premoistened with 'protective' 
agents. However, they were more effective than direct agar-culture 
or urine which seemed unsuitable, although more types were recovered 
from voided urine after the urethra was swabbed. The question of 
which anatomical part of the urethra would yield more anaerobes was 
established from this preliminary clinical survey. Samples collected 
from the meatal region did not yield as many morphotypes as those 
collected 1-2 cm beyond the fossa navicularis. Yet sampling in this 
region is likely to be inconsistent, depending on the clinician.
B. Further clinical sampling
In the second series of experiments, attempts were made to improve
all the test media, relevant to the isolation of all Gram-negative 
anaerobes from clinical specimens. Only two variations of the transport 
media were used for testing reference strains which included more 
demanding anaerobes, namely B. melaninogenicus, Mobiluncus spp. and
B. ureolyticus. Both transport media (E^ ^-300 mv; pH 7.0) supplemented 
with either laked blood or bovine serum were effective in maintaining 
the survival of these organisms. There was no inhibitory effect on 
the survival and recovery of B. ureolyticus, Mobiluncus spp. and 
other Gram-negative anaerobes. The importance of B. ureolyticus and 
Mobiluncus spp. surviving in the transport media was highlighted by 
their frequent occurrence in lower genital-tract infections of both 
men and women (Fontaine et al,, 1982; Hjelm et al., 1982; Holst et al., 
1985).
Investigations involving clinical samples were undoubtedly more 
complex, but the clinically important Gram-negative anaerobes were 
also recovered from the transport media. Among them were strains 
of the "symbiotic" anaerobe, later identified as B. ureolyticus.
Symbiosis was seen invariably with anaerobic Gram-positive cocci 
(Gaffkya anaerobia). The interdependence of the two species was 
eliminated by improved media containing nutritional or growth factors 
such as formate and fumarate, which stimulated growth of B. ureolyticus 
in both liquid and solid media. Furthermore, the use of a specially 
developed selective blood agar medium, described previously, facilitated 
its identity and its recovery from a larger number of morphotypes.
The usefulness of this medium could also be extended to the isolation 
of this species from the vagina, and possibly to the isolation of 
W. succinogenes, a closely related anaerobe of periodontal disease. 
Statistical evaluation of this selective medium demonstrated its 
ability to isolate pure cultures of B. ureolyticus from clinical
samples. It should form an invaluable,tool in the clinical laboratory.
C. The clinical relevance of the isolation of B. ureolyticus from
men with NGU
The isolation of B. ureolyticus was particularly striking among 
the other anaerobic species from men with NGU. Although investigators 
had earlier studied the urethral microflora (Ambrose & Taylor, 1953; 
Morrison, 1963; Mehta et al., 1967; Sompolinsky et al., 1973), few 
had investigated the possible aetiological role of anaerobes in the 
disease (Justesen et al., 1973; Furness et al., 1971; 1977; Bowie 
et al., 1977b; Hallen et al., 1977). The direct relevance of
B. ureolyticus in the clinical situation was made from microbiological 
and clinical studies in conjunction with the isolation of C. trachomatis 
and U. urealyticum, two of the established aetiological agents of NGU.
Although the isolation rate at first glance suggested that 
anaerobes in general might not be implicated in the disease, it was 
the relationship of B. ureolyticus to chlamydia-positive and chlamydia- 
negative NGU that was most striking. This organism was isolated from 
twice as many men who were chlamydia-negative (56%) as those who were 
chlamydia-positive (28%). Furthermore, 50% of the men with NGU and 75% 
of those experiencing the disease for the first time presented negative 
results for C. trachomatis and tJ. urealyticum. It is now generally 
accepted that up to 50% of all cases of NGU are caused by C. trachomatis 
and to a lesser degree by U. urealyticum. However, the aetiology of 
the rest is' still unexplained. The recovery rate for chlamydiae in 
this investigation was somewhat low (25%) but highest (30%) in men who 
had NGU for the first time; while ureaplasmas were isolated from 42% 
of men with NGU and from 27% of those without. It is probable that 
chlamydiae went undetected in a few patients making the number of
chlamydia-negative patients falsely large. However, attributing a 
few of the chlamydia-negative NGU patients to the chlamydia-positive 
group would probably not affect the finding that B. ureolyticus was 
isolated twice as often from chlamydia-negative men as from chlamydia- 
positive men with NGU. This was an interesting relationship with a 
probability of 1 in 8 (Fisher's exact test). A difference of this 
magnitude was not found for other anaerobes isolated. Furthermore, 
this organism alone was isolated from 50% of cases of NGU with no 
known aetiology. In contrast, B. ureolyticus was isolated from only 
14% of men with gonorrhoea and 13% without NGU, although 66% of the 
latter were known to have a history of the disease. This correlation 
in men with and without disease was statistically significant (Fisher’s 
exact test).
Anaerobes are now thought to be implicated in a wide range of 
urogenital-tract infections in men (Duerden, 1982). Bacteroides 
species, in particular B. ureolyticus, B. asaccharolyticus, B. melanino­
genicus , B. bivius and B. intermedlus, have been reported to be 
associated with balanoposthitis and NGU (Masfari et al., 1983; Moss, 
1983). In the case of NGU, their isolation rate was low (12.5%) and 
might be attributed to the methods employed. Apart from B. ureolyticus 
which from this study appears to have a significant role in NGU, the 
other Bacteroides species perhaps have a secondary pathogenic role, 
possibly following initial damage to host defence mechanisms.
7.3 Review of the differential characteristics of B. ureolyticus
Bacteroides ureolyticus is the name currently accepted for certain 
Gram-negative, urease positive, anaerobic rods, previously referred to 
as anaerobic "corroding bacilli" (Jackson & Goodman, 1978). The name
Bacteroides corrodens was also applied'because the organisms formed 
pitting or corroding colonies on agar media according to various 
authors (Eiken, 1958; Khairat, 1967; Henri.cksen, 1969; Marsden & 
Hyde, 1971; Jackson et al., 1971). Later, Jackson et al. (1971) 
assessed the taxonomic status of these organisms and described the 
morphological and biochemical characteristics of four strains. They 
produced small colonies (0.5 - 1 mm) on plates and had a tendency to 
pit the agar on primary isolation. However, the pitting phenomenon 
was variable. Colonies also showed a tendency to spread after 
several subcultures, and the peripheral extended edges of colonies 
were thin and had a structure suggesting concentric raised rings 
with thinner growth lying in a shallow depression of the agar. Growth 
on agar was enhanced by CC>2 and nitrate and rather less so by haemin 
and vitamin K^, but was poor in liquid media. However, growth 
enhancement by CC>2 was not observed by some workers, especially 
after several subcultures (Henricksen, 1969; Hill et al., 1970).
The spreading phenomenon of these organisms indicated some form of 
motility. However, electron microscopical studies revealed only 
polar processes which were, in fact, pili (Jackson et al., 1970).
These were found to be associated with the ability to form spreading 
colonies. It was also assumed that fibrils from a surface slime 
layer might provide a similar appearance. Although certain antigenic 
components were common to all the four strains, it appeared that 
ureolyticus exhibited some degree of antigenic heterogeneity.
Biochemically, strains of B. ureolyticus were non-fermentative, 
and they produced negative reactions for catalase, indole, aesculin 
and gelatin liquefaction. However, they were oxidase positive, 
produced H2S, reduced nitrate to nitrite and hydrolysed gelatin.
An interesting observation was their low DNA base composition of
28-30 mol% (G + C), a figure much lower than for other Bacteroides 
species (Taylor et al., 1986).
Although strains of B. ureolyticus were recovered from clinical 
specimens on solid agar, their poor growth in liquid media made it 
difficult to study their metabolism in that environment. It indicated 
that perhaps these organisms lacked vital energy metabolites for 
growth. If that were the case, their recovery from clinical specimens 
would be hampered by the inability to grow them well. In a study of 
clinical isolates and normal human flora, Smibert & Holdeman (1976)'
showed that B . ureolyticus required formate or hydrogen and fumarate
\
for energy metabolism. These growth or nutritional factors enabled 
these organisms to gain energy by a transfer of electrons from formate 
or hydrogen to fumarate - the fumarate eventually converting to 
succinate. Growth was greatly enhanced in both liquid and solid media; 
neither carbohydrates nor peptones would serve as energy sources. It 
is possible that the substances needed for growth could come from other 
bacteria present in their environment, hence the symbiotic relationship 
displayed with anaerobic Gram-positive cocci. Fortuitously, the 
hydrogen used to provide anaerobiosis in jars or anaerobic chambers 
acted as a suitable electron donor.. This appeared to be so because 
tiny colonies developed on blood agar plates without being supplemented 
with formate and fumarate.
Later, Jackson & Goodman (1978) studied seven strains including 
the original four previously mentioned. They reported the presence 
of cytochromes b and c, and the form of translocation known as 
twitching motility (Henrichsen, 1975; 1983). Most strains were 
proteolytic’(Smibert & Holdeman, 1976), and all gave a negative 
result for lysine decarboxylase by the NCTC micromethod (Shaw & Clarke, 
1955). The authors suggested that B. ureolyticus did not belong to
the genus Bacteroides and probably should be placed in a new genus.
The organisms described in this thesis as NGU-associated strains 
of B. ureolyticus, because of their frequent occurrence in NGU, were 
essentially similar to those described by Jackson et al. (1971) and 
Jackson & Goodman (1978). However, with as large a number as characterised 
by the author, there were some differences which led to a comparison 
between these strains, a laboratory strain and reference strains of 
B. ureolyticus (NCTC 10941 & 10948). Strains of B. ureolyticus isolated 
from the urethra invariably grew synergistically with G. anaerobia, 
and produced small, almost imperceptible spreading colonies with a 
flattened periphery, on haemin-menadione reduced blood agar. On plain 
blood agar, the isolation rate was poor, but of similar appearance 
as on reduced media. Although the spreading and pitting phenomena 
were attributed to polar pili (Jackson & Goodman, 1978), these were 
not confirmed in this study, as non-pitting or non-spreading strains 
had polar pili. However, twitching motility was attributed to multiple 
polar pili.
It was at first thought that B. ureolyticus was a homogeneous 
species even though some variation was recorded in colony morphology 
relating to the spreading and pitting phenomena. However, further 
characterisation studies revealed a heterogeneous group, which made 
identification difficult, and differentiated some strains from others.
Most investigators have reported the pitting of agar on primary 
isolation, but most of the NGU-associated strains of B. ureolyticus 
did not behave in this way. It is the opinion of the author that 
spreading and pitting colonies occur most frequently on non-reduced 
media and those lacking growth factors. The same is partly true of 
the synergistic relationship of B. ureolyticus. It is probable that 
1pitting' was not observed because only PRAS haemin-menadione media
were used for primary cultivation of the anaerobes.
Strains of B. ureolyticus have been reported as being tolerant 
of 1% 0^* However, as many as 80% of those isolated from the urethra 
tolerated 5% 02 in an atmosphere which could only be described as 
more anaerobic than not (2% H2; 7.5% C02; 85.5% N2). They also
tolerated 43°C. The production of H2S was a variable feature in 
strains isolated from the urethra, although a positive result was 
recorded for the few strains characterised by other authors (Smibert 
& Holdeman, 1976; Jackson & Goodman, 1978). Alpha-haemolysis has 
been reported for some strains of B. ureolyticus (Smibert & Holdeman, 
1976) although some beta-haemolysis from sheep cells was observed by 
the author. This poorly-resolved beta-haemolysis was probably due to 
lipolytic enzymes rather than a haemolysin as indicated by the 
production of esterases by most strains. The proteolytic activity 
of B. ureolyticus was highlighted by Smibert & Holdeman (1976) and 
Jackson & Goodman (1978). However, none of the strains from NGU cases 
digested milk, although most liquefied gelatin. It is true to say 
that the gelatinase test was difficult to interpret. One of the 
interesting observations was the decarboxylation of arginine, lysine 
and ornithine by all strains of B. ureolyticus from the urethra, a 
feature not reported by others (Jackson et al., 1971; Smibert & 
Holdeman, 1976; Jackson & Goodman, 1978). This undoubtedly was due 
to the test method used (Shaw & Clarke, 1955), because improvement of 
the test medium, by the addition of growth supplements, produced 
positive results (personal communication: A.J. Taylor, NCTC). Another 
variable, but distinguishing characteristic, was the production of the 
metabolic end-products, acetate and lactate, by two strains of
ureolyticus (Holdeman et al., 1977) although most strains isolated 
from the urethra gave negative results.
In antibiotic sensitivity tests, ^trains of B. ureolyticus were 
found to be sensitive to a number of antibiotics (Jackson et al., 1971) 
and strains isolated from the urethra gave similar results. In general, 
the organisms were intolerant of dyes and inhibited by bile salts; 
most were resistant to vancomycin.. Although not reported by previous 
investigators, this work showed that the major constitutive enzymes 
produced by these organisms were esterases, acid and alkaline phosphatases, 
and phosphoamidases.
It also showed that there was diversity in a few biochemical 
and physiological reactions by strains isolated from different ecological 
sites. The fact that the differences had been unrecognised is due to 
the ill-defined taxonomy, and the characterisation of so few strains. 
However, the strains probably belong to the same unique species which 
appears to be placed inappropriately in the genus, Bacteroides.
7.4 Methods for identification and classification of the organisms
used in the present study
The methods adopted for the identification and classification of 
B. ureolyticus were based on biochemical, taxonomic and ultrastructural 
patterns, as well as protein patterns of several strains. These are 
discussed under separate sub-headings. The biochemical studies were 
in general practical for the identification of Gram-negative, non- 
sporing anaerobes in research as well as clinical laboratories. Details 
of the methods are given in sections 2 and 4. The tests fell into 
three groups, viz. biochemical/cultural, tolerance and antibiotic-disc 
sensitivity tests. Attempts were made to adapt each test to the 
conditions imposed by the growth requirements of these organisms.
Most importantly, groups of tests were aimed at differentiating 
between recognised species of Bacteroides so as to test the methods
accurately. Two large groups of anaerobes were investigated:- 
the first being reference strains of Bacteroides species and 
Mitsuokella multiacidus (basonym: B. multiacidus),. the second 
being unknown clinical isolates identified as B. ureolyticus.
As the reference strains were essentially being reidentified, 
it was not thought necessary to test too many strains of one group. 
However, representative groups of various Bacteroides species, each 
having at least two strains were evaluated. They were divided into 
the asaccharolytic group, the "fragilis" group, the fusobacteria 
group and M. multiacidus and B. melaninogenicus (melaninogenicus- 
oralis group). Problems of growth were not experienced, so that 
the pattern of results should represent true values given by each 
species. Control organisms belonging to the same family were used 
except in a few cases, and these gave definitive results.
7.4.1 Biochemical tests
In testing reference strains, the patterns given by the various 
groups clearly differentiated between one another. However, the 
difference between the fragilis-group and the fusobacteria-group 
was emphasised in only one or two tests. Species differences were 
also emphasised for organisms in the same group. For example,
B. vulgatus gave very similar reactions to B. thetaiotaomicron, 
which was different from the former morphologically, and by producing 
butyric acid as an end-product of metabolism. Fermentation tests 
are not always convincing where weak or variable reactions occur, 
and reliable results are always based on a clear, definite positive 
or negative. In this series of biochemical, tolerance and antibiotic 
sensitivity tests, the reference strains produced results that correlated
well with those of other published work. Similar results are 
recorded in the VPI Laboratory Manual (Holdeman et al., 1977). In 
many ways, some tests were clearly diagnostic for the group, but not 
selective enough if used alone for the identification of some 
individual species. For example, the 'fragilis' group as a whole 
were proteolytic for milk; they reduced nitrate and hydrolysed 
aesculin. The fusobacteria as a group were generally inactive, and 
although F. necrophorum was similar to F. varium they were 
differentiated as two different species morphologically and by 
their proteolytic reaction for milk. There was consistency in 
test results given by two reference strains of B. ureolyticus, and 
a laboratory strain was easily identifiable using the biochemical 
and cultural methods as well as by end-product metabolic reactions.
In the characterisation and classification of B. ureolyticus, 
some of the strains isolated from men with NGU were compared with 
the type strain (NCTC 10941). Their reactions in several cultural, 
phenotypic and biochemical characteristics did not differ. These 
organisms were observed to produce similar constitutive enzymes, 
and they could be identified on the basis of their sensitivity or 
resistance to various antimicrobials. Other clinical isolates 
from women with bacterial vaginosis were identified on the basis of 
similar tests. As a result, these organisms were divided into 
patterns which recognised them as Mobiluncus spp. and B. ureolyticus. 
The two were quite disti.nct, and both oxidase and urease reactions 
were regarded as distinguishing diagnostic features. Both were non- 
fermentative, therefore fermentation tests were not discriminatory; 
neither were tolerance and antibiotic-disc sensitivity tests. While 
these tests were not based on any fundamental properties such as DNA 
base composition, or cel 1-wall composition of the organisms, they gave
satisfactory separation and confirmed the value of the biochemical 
methods for identification.
7.4.2 Tolerance and sensitivity tests
Tolerance tests with bile salts and dyes were not discriminative 
among the various Bacteroides groups, and were not useful diagnostic 
tests for unknown strains. However, it has been reported that bile 
salts (Shimada et al., 1970) and dye tolerance tests (Suzuki et al., 
1966) could be useful in combined sets of tests for provisional 
identification of B. me1aninogenicus (Duerden et al., 1976). Gram- 
negative bacteria were seen to be generally resistant to various dyes.
The antibiotic-disc sensitivity tests were more discriminatory 
and provided a more distinctive pattern, although some of the groups 
gave similar patterns. For example, the inactive strains of the 
fusobacteria group and asaccharolytic groups responded similarly to 
various antibiotics. The same was true of the'fragi1is'group and 
B. melaninogenicus, but it should be noted that the antibiotic-disc 
sensitivity tests, except those for vancomycin and metronidazole, 
were used for identification purposes only. The results did not 
indicate the relative therapeutic value of these antibiotics. The 
tests were performed under conditions that gave good growth in an 
atmosphere containing 10% C02. However, this is known to reduce the 
inhibition zone diameter of pH sensitive antibiotics such as erythro­
mycin and lincomycin - a noteworthy point for such investigations 
(Ingham et al., 1970). Other factors related to the medium may also 
affect the zone diameter of these antibiotics (Watt & Brown, 1975). 
Although these factors will affect sensitivity tests for clinical 
application, they probably have no effect on the results of tests
for identification. It may therefore be better using the term 
"resistance-test" to imply that. Sutter & Finegold (1971) suggested 
that discs containing specified concentrations of penicillin, 
erythromycin, kanamycin, colistin, neomycin and rifampicin could be 
used for preliminary identification of anaerobic Gram-negative non- 
sporing bacilli. With these, definitive patterns were observed for 
the asaccharolytic and 'fragilis* groups and W. succinogenes.
Although similar results were obtained for bile salts inhibition, 
and resistance to dyes, such as methyl violet and brilliant green, 
these tests themselves were not as valuable diagnostically as disc- 
resistance tests in the identification of B. ureolyticus.
Surprisingly, tests involving metabolic end-products from formate 
and fumarate-containing medium did discriminate between the NGU- 
associated isolates and reference strains of B. ureolyticus as shown 
in this study. It has been reported that gas liquid chromatography 
is not essential for the identification of unknown isolates. While 
it enables rapid identification to generic level, additional conventional 
tests are necessary for species and subspecies identification (Deacon 
et al., 1978; Duerden et al., 1980).
7.4.3 Numerical taxonomy of NGU-associated and reference strains 
of B. ureolyticus
In addition to conventional bacteriological approaches that 
include observations of colony morphology and biochemical tests 
(Prevot, 1966; James & Robinson, 1975; Duerden et al., 1980), other 
workers have considered numerical taxonomy (Barnes & Goldberg, 1968).
So far, B. ureolyticus has been taxonomically ill-defined judging by 
past epithets such as anaerobic "corroding bacilli" and B. corrodens.
The generic name is also not widely approved by some workers 
(Jackson & Goodman, 1978; Shah & Collins, 1983) because of the 
difference in DNA base composition with other Bacteroides species.
It has been shown from this study that the NGU-associated strains 
and reference strains of B. ureolyticus were indistinguishable 
morphologically and biochemically. Hence .their relatedness was 
investigated taxonomically with other Gram-negative anaerobes, 
including W. succinogenes, Mobiluncus spp. and other members of the 
Bacteroidaceae. The taxonomic analysis demonstrated that all the 
NGU-associated strains of B. ureolyticus, including the type strain 
and another reference strain of B. ureolyticus, clustered in one 
major taxon or phenon. Although subgroupings were evident, the NGU- 
associated strains clustered tightly among themselves. Other 
phenotypically-related strains from the lower genital tract of women 
with bacterial vaginosis also formed part of this group. It is 
probable that this subgrouping of strains represented differences in 
growth rates, as this is a common feature in numerical taxonomy 
(Sneath, 1968). Interestingly, among the isolates from women were 
anaerobic curved rods, members of the newly described genus, Mobiluncus 
(gen. nov.) (Spiegel & Roberts, 1*984), that grouped with related 
strains to form a separate phenon. The taxonomic analysis also 
differentiated W. succinogenes from B. ureolyticus strains, although 
they shared many characteristics in common. Above all, it. discriminated 
between species of Bacteroides themselves that belonged to different 
taxa. In the interpretation of the value of morphological and pheno­
typic characters, no character was found to be sufficiently discriminative 
for the NGU-associated strains, vaginiti.s-stra.ins and reference strains 
of B. ureolyticus.
In this study, two members of the, Bacteroidaceae, namely 
W. succinogenes and B. praeacutus surprisingly grouped together, 
yet they are known to be genetically unrelated. They are both 
motile and metabolically inactive, so that as expected, they were 
rearranged in the cluster analysis based on the pattern difference 
coefficient. Interestingly, the former grouped with the inactive 
fusobacteria, and the latter with the hamster-strain, both of animal 
origin. The reason for this grouping is not clear, but the removal 
of test characters for better reproducibility could have influenced 
it, since they appeared as separate taxa in an original analysis using 
duplicate strains. Undoubtedly, their low metabolic activity was 
perhaps an influential factor. The study shows that a grouping of 
this nature can occur in numerical taxonomy which relates to pheno­
typic rather than genotypic relationships. Thus organisms closely 
associated by virtue of phenotypic resemblances can in fact be 
unrelated genetically (Stanier et al., 1977). In the case of the 
NGU-associated strains and reference strains of B. ureolyticus, they 
were both phenotypically and genetically related. DNA-DNA hybridization 
studies gave a homology of >72% that was indicative of members of the 
same species (Taylor et al., 1986).
The significance of the numerical taxonomic investigation is 
highlighted by the development of diagnostic tables - the results 
of intensive studies on the cultural, physiological and biochemical 
characteristics of B. ureolyticus. The use of these tables will 
form an indispensable tool in the clinical diagnostic laboratory 
for the identification of clinical isolates of B. ureolyticus, as 
well as Mobiluncus species. Furthermore, this study provided further 
evidence that these NGU-associated strains were of the same taxo- 
species as B. ureolyticus. It further highlighted the heterogeneous
nature of the species - a feature unobserved in previous published 
work (Fontaine et al., 1985). It showed for the first time a proper 
taxonomic approach towards the classification of clinical isolates 
that can be confirmed as B. ureolyticus (Jackson & Goodman, 1978).
7.4.4 Ultrastructure of NGU-associated strains and reference strains 
of B. ureolyticus
As an aid in the classification of B. ureolyticus, the ultra­
structure of NGU-associated strains and reference strains was 
investigated to observe any ultrastructural variations. Both groups 
of organisms had a typical Gram-negative cell-wall structure but no 
defined peptidoglycan or murein layer. There was no significant 
difference in the size of organisms and the cells of both could 
exceed 20 pm depending on growth media and conditions (Jackson &
Goodman, 1978). Multiple polar pili have been reported for the 
reference strains of B. ureolyticus (Jackson et al., 1971; Jackson 
& Goodman, 1978) and also for the NGU-associated strains of B. ureolyticus 
some of which were bipolar. The variations in width, ranging from 
6-11 nm and 5-8 nm, were not considered a differentiating factor.
Neither organisms had flagella, yet they displayed a form of surface 
translocation known as "twitching" motility (Henrichsen, 1975; 1983).
In thin sections, the ultrastructure of the NGU-associated strains 
and reference strains of B. ureolyticus were similar and indistinguishable 
However, an interesting feature of the NGU-associated strains was the 
electron-dense "fuzz" of varying thickness external to the outer 
membrane, not seen on reference strains, including the type strain 
of B. ureolyticus. Further studies on the nature of the "fuzz" by 
ruthenium-red fixation and staining revealed an electron-dense material
representative of acidic polyanionic pblymers. This extracellular 
material was seen to be thickest from the top one-third part of 
several colonies. Interestingly, three structural differences in 
the extracellular material were observed, namely (i) a thin firmly- 
attached layer with no extracellular projections, (ii) a thicker, 
electron-dense layer with numerous extracellular, granular but loose 
projections which linked other adjacent or distant cells, and 
(iii) a structure similar to (i) but with globular, tuft-like 
projections which also inter-linked cells one with another. It 
is not known precisely what function the ruthenium-red positive 
layer of mucopolysaccharide might play, but it is probably involved 
in bacteria-host cell interactions, such as observed in the attachment 
of Neisseria gonorrhoeae to the epithelium of the urogenital tract 
(Mardh & Westrom, 1976).
The role of the bacterial surface and the interaction of 
Bacteroides with host tissue has received some attention from 
researchers (Kasper, 1976; Qnderdonk et al., 1977). These surface 
polymers and ruthenium red heteropolymers have been observed in a wide 
variety of prokaryotic cells. Their function in adherence is not 
known, but they could possibly be involved in the pathogenesis of 
the organisms. An interesting factor could be the amount of extra­
cellular membrane and cellular activity, as seen in the NGU-associated 
strains of B. ureolyticus (Slots & Gibbons, 1978). Woo et al. (1979) 
reported that B. asaccharolyticus produced large amounts of extra­
cellular material and possessed loosely-fitting ruthenium-red positive 
exopolymers, like those seen in some NGU-associated strains. Further­
more, the 'globular particles' described by Slots & Gibbons (1978) 
also resembled the RR-positive exopolymer on the NGU-associated strains
of B. ureolyticus. The significance of the three types of extra­
cellular polymer deserves further investigation, but they conferred 
one common factor: cell-to-cell linkage. Although minor differences
were observed, the ultrastructural criteria were not adjudged 
sufficiently distinctive to separate NGU-associated strains and 
the reference strains of B. ureolyticus at the moment with the 
knowledge that only some strains showed this phenomenon.
7.4.5 Electrophoretic protein profiles of NGU-associated strains 
and reference strains of B. ureolyticus
Electrophoretic protein patterns are valuable for the character­
isation of bacteria at both species and genus levels (Kersters &
De Ley, 1980) and in studies on anaerobes (Holdeman & Johnson, 1982).
These patterns were analysed visually because of the standardised 
electrophoretic conditions used even though quantitative analytical 
methods are available (Kersters & De Ley, 1980; Owen & Jackman, 1982).
The major cell proteins of NGU-associated strains of B. ureolyticus 
were examined for patterns that would elucidate relatedness to 
reference strains of B. ureolyticus, and species specificity among 
the other strains tested on the same gel. Many bands were detected 
visually, and most strains displayed a pattern that was considered 
species specific because it was common to the majority of them.
However, there were noticeable differences in the major cell protein 
band pattern of a few NGU-associated strains on the same gel, even 
though they shared many common polypeptides with the others. These 
differences-were in the order of 3-5 kD and it is not known whether 
they were induced by variation in their growth rates or whether they 
were enzyme-related, since proteins are often enzymes. It was evident 
from this study, like others (Jackson & Goodman, 1978) that B. ureolyticus
spp. are dependent on additional energy source for complete metabolism 
and growth; it would also appear that they have an alternative or 
divergent metabolic pathway which might involve cytochromes. However, 
it is probable that the differences among strains resulted from bio­
types, because their protein pattern differed from the type strain 
and most strains of B. ureolyticus, only by their outer cell membrane 
protein. These differences were highlighted in the numerical taxonomic 
study, and suggest heterogeneity within the species.
..Other investigators have reported similar observations. Recently, 
Taylor et al. (1986) showed that although the NGU-associated strains 
and reference strains of B. ureolyticus had marked similarities in 
their protein profiles, pattern differences were evident within the 
species. They also reported that some of the reference strains 
previously assigned to that species were atypical in some of their 
characteristics.
In this study it is interesting that the protein profiles of 
most of the NGU-associated strains of B.ureolyticus matched those 
of the type strain, NCTC 10941. However, reference strain, NCTC 10948 
gave atypical results. Such differences, especially those of biochemical 
characteristics have also been reported (Jackson & Goodman, 1978;
Taylor et al., 1986).
Although this study provides some evidence of biotypes among 
strains of B. ureolyticus, the organisms were always indistinguishable 
biochemically and phenotypically. It is obvious, therefore, that even 
with similar biochemical results, strains of' a species can differ 
significantly in their surface layers; so that results of biochemical 
tests alone can be misleading and should be used with caution. Such 
observations have been reported for the fragilis-group of organisms
(Poxton & Brown, 1979). In this regard, both biotyping and sero- 
* %
typing would be useful considerations in understanding the hetero­
geneity of the species.
The characterisation of NGU-associated strains of B. ureolyticus 
by some conventional biochemical tests proved somewhat problematical. 
However, electrophoretic protein patterns demonstrated their relatedness 
to the type strain of B. ureolyticus (NCTC 10941) and emphasised that 
they were organisms of the same species. SDS-PAGE of surface proteins, 
in conjunction with selected biochemical tests, perhaps offers a 
rapid, reproducible approach to the identification of this species, 
and undoubtedly distinguishes between clinical isolates of various 
ecological niches.
7.5 Overall impression about the association between B. ureolyticus
and NGU
7.5.1 Significance of results of organ cultures
Animal models of infection proved unsuccessful and were not 
pursued any further. In the absence of these, organ cultures of 
bovine oviducts and human fallopian tubes were used to study experi­
mentally whether B. ureolyticus was pathogenic, as another means of 
assessing its significance in NGU. Organ cultures have been used in 
recent years to study gonococcal pathogenicity (Carney & Taylor-Robinson, 
1973; Taylor-Robinson et al., 1975; McGee et al., 1976; Johnson 
et al., 1980; Gregg et al., 1981; McGee et al., 1981). They have 
also been used to study the effects of a toxin produced by H. influenzae 
(Denny, 1974). A similar approach to possible toxin-mediated damage 
by B. ureolyticus was investigated, as this was the most likely means
by which they might cause damage..'At the outset, bovine oviducts 
as well as a suitable toxin-producing growth medium were studied.
The results of this study showed that NGU-associated strains of 
B. ureolyticus produced a toxic substance.in the medium of cultures 
which had a damaging effect on the mucosal epithelia and cilia of 
bovine oviducts. The substance was not characterised, but it was 
assumed to be an endotoxin from subsequent studies with bacterial 
lipopolysaccharides (LPS), known to be endotoxic. In the preparation 
of this endotoxin, lysed or unlysed bacterial cells produced identical 
results. It is known that Gram-negative bacteria have leaky cel1-walls 
and it is probable that cell leakage occurred spontaneously in 
ureolyticus. It has also been shown that bacterial cell lysis 
may not be necessary for the release of LPS (De Voe & Gilchrist,
1973), and that gonococci grown in vitro release free endotoxin from 
their surface (Novotny et al., 1975).
The quantitation of damage .to the mucosal surface of organ 
cultures has been simplified and measured with some precision by 
observing the percentage ciliary activity at the tissue periphery 
(McGee et al., 1976). In the case of gonococcal infected tissues, 
it has been observed that damage *was not primarily due to cessation 
of ciliary activity (ciliostasis) or to loss of cilia from ciliated 
cells. Ciliary activity ceased due to 'pinching off. of the lumenal 
surface and sloughing of ciliated cells (McGee et al., 1981).
Microscopical studies on the interaction.of B. ureolyticus 
endotoxin with bovine oviduct tissue showed a decrease in ciliary 
vigour and cessation of ciliary activity. However, the proportion 
of the organ culture periphery with ciliary activity after 3 days 
was greater than that observed with the gonococcus in human fallopian 
tube tissue. Even when the mucosal surface was damaged some cells
retained ciliary activity, although histologically fewer peripheral 
surface cilia were noted. The reason is not clear.
The most striking observation, however, was the variety of 
changes that occurred to the tissues infected with the bacterial 
endotoxin. Histopathological studies indicated that the characteristic 
columnar pattern of the mucosal epithelia was disorganised as well as 
the polarity of both ciliated and non-ciliated cells. Many lost their 
chromatin pattern and cilia, and appeared angular. There was a 
quantity of cell dust due to disintegrated nuclei. Vacuolisation 
of cells occurred; in some cases, their cytoplasm was altered and 
they were differentiated from those of normal cells by being more 
deeply stained. McGee et al. (1976) observed that vacuolisation 
appeared to be exclusive to mucus-secreting cells. Despite these 
numerous architectural changes to the mucosa, the submucosa of bovine 
oviducts remained normal generally.
The onset of damage was about 2 days after the tissues were 
subjected to the bacterial extract, and it reached a more progressive . 
state after 3 days. It is impossible to deduce whether a more dynamic 
system involving 'active transport' of the substance would produce a 
quicker or more controlled effect. However, the observations made 
here suggested that the damage to ciliated and non-ciliated cells 
by B. ureolyticus was mediated by a subcellular toxic factor or 
factors. Could it then apply to the human situation?
In the next series of experiments, human fallopian tube organ 
cultures (FTOC) were tested, with the same extracts or filtrates used 
for bovine oviducts. It was noticeable that the uninoculated growth- 
medium alone caused spontaneous damage to the tissues after 3 days. 
However, a modified MEM-HEPES medium described previously, was found 
suitable for survival and maintenance of FTOC. The buffered nature
of this medium enabled the following observations to be made:
(i) B. ureolyticus survived, but did not grow in the.medium in the 
absence of growth factors; in this case, there was no change in pH 
or colouration of the medium, and (ii) when supplemented with formate 
and. fumarate, growth was indicated by an increase in the number of 
viable organisms, a pH change from 7.5 - 8.5 expressed as a bright 
magenta colour. This was indicative of a substance released in the 
medium during growth. It is known that fumarate is converted to 
succinate as a metabolic end-product by B. ureolyticus. However,, 
this substance was unlikely to be acidic in nature.
The interaction between the bacteria-free filtrates of both NGU-
associated strains and reference strains of B. ureolyticus, and
fallopian tube organs produced ciliostasis and damage to the mucosal
epithelia, in the same way as in bovine oviducts. However, the damage
sometimes appeared to be subepithelial. Although not species specific
like the damage caused by the gonococcus (Johnson et al., 1977; 1980),
it seemed that the human mucosal surface epithelia were more susceptible
to the deleterious effects of a toxin produced by B. ureolyticus than
was bovine mucosa. It appeared that loss of cilia and ciliostasis
resulted from sloughing of cells‘in the same way as interactions with
viable organisms. In a non-dynamic system of this kind employing bact-
*
ena-free toxic extracts, there is only minimal, sloughing of cells, , 
and it takes longer for the toxic substance to produce ciliostasis.
This observation has been reported (Denny, 1974). It is known that 
various anatomical regions of the fallopian tube are more ciliated' 
than others. For example, <50% of cells of the isthmus, 60-80% of 
the ampulla and 70-90% of the fimbrial regions are ciliated (McGee 
et al., 1976; Westrom et al., 1977). Because of the difficulty in 
obtaining fallopian tubes, tissue pieces from all regions were used 
for study.
The toxicity of LPS, prepared froft strains of B. ureolyticus, 
for human fallopian tube mucosa was elucidated in order to demonstrate 
that the extracellular toxic substance was an endotoxin. The purified 
LPS behaved as endotoxin in the limulus amoebocyte lysate assay (LALA).
The interaction between the LPS and fallopian tube tissue caused 
mucosal damage that was identical with that caused by the toxic extract.
It was also ciliostatic, and interestingly, the reaction was produced 
by a dilution > 1:13 compared with 1:6 for bacteria-free filtrates. These 
observations indicated further that the bacteria-free substance was an 
endotoxin, and that LPS was the principal mediator of the toxic 
damage to human fallopian tube and bovine oviduct mucosa. Other 
investigators have shown similar changes to fallopian tube tissue 
by gonococcal endotoxin and LPS (M&rdh et al., 1979? Gregg et al.,
1981). •
These observations in histopathological studies were substantiated 
by scanning electron microscopical studies. These showed that fallopian 
tube tissues treated with LPS from B. ureolyticus had gross structural 
damage to the mucosal surface. The damage mediated by the bacteria-free 
filtrates was consistent with previous observations of disorganised 
cellular pattern. This was marked by severe contortions, deep 
depressions and ridges, with sloughing of both ciliated and non-ciliated 
cells. Cilia were sometimes enlarged or swollen at their apices, and 
some secretory cells had lost their microvilli. The damage mediated 
by LPS was similar. In addition, the microvilli were unusually 
elongated with "blebs" at the apices. Even more striking, was what 
appeared to be an aggregation of many globular objects of unequal 
sizes not unlike microcolonies on cells with withered microvilli 
or in place of them. By their nature, these objects were neither 
sloughed cells nor true microcolonies. Could they have been an end-product
of the damaged microvilli? It is not known whether this phenomenon 
is related to the multiple blebs of LPS that have been demonstrated 
from the outer membranes of meningococci (De Voe & Gilchrist, 1973) 
and gonococci (Grimble & Armitage, 1974; Stead et al., 1975). It 
has been noted that they may be a mechanism which induces damage to 
mucosal cells (Gregg et al., 1981). If this is correct, it seems 
likely that the LPS initially affected the microvilli of the secretory 
cells prior to disorientation and damage.
A disadvantage of this type of study was that attachment of 
organisms to tissues could not be observed, even with the knowledge 
that strains of B. ureolyticus are piliated. It is therefore not 
known whether pili. and other virulence'factors are unique in their 
interaction with fallopian tube mucosa. However, what is certain, 
is that many NGU-associated strains of B. ureolyticus were observed 
to have a ruthenium-red positive layer of acidic mucopolysaccharides 
which essentially resembled a microcapsule that could probably be 
involved in attachment. Previous observations with the gonococcus 
suggest that initial attachment is important in the production of 
mucosal damage (McGee et al., 1981). The role of the mucopolysaccharide 
as a microcapsule appeared more convincing as cells were observed to 
link together by so-called "pseudopodial" linkers which were abundant 
in some strains. These were not seen in two reference strains, one 
of which was originally isolated from the vagina. It is not known 
whether these organisms lost their ability to produce large amounts 
of mucopolysaccharide after being passaged several times. Nevertheless, 
this ruthenium-red positive layer could be classified into three 
structural types.
These observations suggest that B. ureolyticus endotoxin has an 
important role in causing mucosal damage, although the extent to which
the changes in vitro might occur in the naturally diseased host is 
not known. Of course, although fallopian tube organ cultures have 
provided a useful means of examining the pathogenic potential of 
ureolyticus, they cannot be expected to mimic the situation in 
the male urethra.
7.5.2 Clinical and serological significance
The isolation of B. ureolyticus from chlamydia-negative and 
ureaplasma-negative NGU raises the question of its role or pathological 
significance in the disease. The finding that about 50% of all men 
with NGU harboured this organism, poses the question of whether it 
is an opportunistic organism or a significant pathogen. In micro­
biological studies, it was not difficult to establish a relationship 
between the isolation of this anaerobe and the presence of disease, 
in spite of the various bacterial types encountered. However, whether 
they cause NGU was more difficult to ascertain. The case for 
B. ureolyticus playing a significant role is based mainly on the 
fact that it occupied the so-called "aetiological vacuum" in the 
absence of chlamydiae and ureaplasmas. Furthermore, if it were,to 
fulfil an aetiological role it had to be susceptible to tetracyclines. 
This observation was made by Prentice et al. (1976) and Munday et al. 
(1981) on abacterial NGU cases which improved with tetracycline therapy. 
In this regard, B. ureolyticus is very sensitive to both minocycline 
and tetracycline; and while M. hominis is also susceptible, it 
seems unlikely that this organism has any role in NGU (Taylor-Robinson 
& McCormack, 1980). The susceptibility of the recognised aetiological 
agents in NGU to tetracyclines creates problems in designing a treatment 
trial to assess the aetiological role of B. ureolyticus. The best 
line of study would be a therapeutic trial in chlamydia-negative NGU 
of metronidazole, the antibiotic of choice for anaerobes but not for 
the other putative micro-organisms. Thi.s line of investigation is being 
pursued currently.
Although anaerobes are now regarded as important in lower 
genital-tract infections (Duerden, 1982; Masfari et al., 1983;
Moss, 1983), the results of this study indicate that it is probably 
only B. ureolyticus that has an important primary role in NGU. It 
is not known, however, whether the other bacteria of the varied micro­
flora have a secondary role; for example, G. vaginalis has been 
isolated concomitantly with B. ureolyticus in chlamydia-negative NGU 
(unpublished observations).
The observations made by Holst et al. (1985) also suggest some 
clinical importance for B. ureolyticus in NGU, even though their 
isolation rate was less than half that seen in this study. In 
asymptomatic cases it was 26% (25 of 96 men) compared to about 38%
(14 of 37 men) for non-chlamydial symptomatic cases. However, the 
result could have been prejudiced by the much smaller number of men 
examined in the latter group. Cytologically, it was interesting too 
that the cellular response in C. trachomatis-associated NGU was not 
different from that in B. ureolyticus-associated NGU. These observa­
tions suggest that the presence of B. ureolyticus in NGU is not truly 
opportunistic. It was felt that serological studies would help to 
elucidate the potential pathogenicity of B. ureolyticus in NGU. Early 
in these studies, there was evidence of a relatively good humoral 
response against B. ureolyticus. The sera of patients from whom 
these organisms were isolated were found to contain antibodies against 
their homologous antigens by an indirect immunofluorescence test.
There were also cross-reactions among the strains to indicate close 
antigenic relationships and common antigenic sites among B. ureolyticus. 
This observation made it possible to test large numbers of patients' 
sera for anti.bodi.es to B. ureolyticus used as antigens. When this 
was performed using many antigens simultaneously, some strains reacted
poorly and the assumption that they al). had common surface antigens 
was invalidated. This could have been related to the presence or 
absence of extracellular surface structures described earlier. These 
mucopolysaccharide structures, as demonstrated in some strains, 
acted as "capsular" layers. It is probable that they behaved as 
non-specific antigens as opposed to lipopolysaccharides which are 
usually specific. If the "capsular" mucopolysaccharide of B. ureolyticus 
is a probable virulence factor as discussed previously, then it may be 
advisable to ensure that "capsular" antigens are used in investigations 
of humoral antibody response to B. ureolyticus .infection. This 
observation was reported for B . fragilis infections (Lindberg et al., 
1979) and may be common among the Bacteroides species. On the other 
hand, because a few strains reacted with a single serum sample, it is 
reasonable to postulate that serologically heterogeneous strains exist 
among B. ureolyticus, a feature observed and discussed previously.
As many previous observations indicated an association between 
NGU and the presence of B. ureolyticus, a humoral antibody response 
might be expected. The results of immunofluorescence tests indicated 
that antibodies of the IgG class developed. The serum samples were 
chosen at random and were, from groups of patients with and without NGU. 
Although very many sera were tested, some of the results were not 
included in the study because of insufficient clinical data. Con­
sequently, the interpretation of the serological tests could only be 
made on a small number of patients. In one group, 52% of patients 
recovering from NGU maintained an elevated antibody response to 
ureolyticus from 2-40 weeks. However, a fall was seen in 38%, 
albeit over a period lasting 76 weeks. Furthermore, in chlamydia- 
negative NGU, about 30% exhibited antibody rises of 4-8-fold generally 
from 1-2 weeks following infection. Interestingly, B. ureolyticus was
isolated from urethral specimens of 35% of these men experiencing 
an antibody rise in their sera. Also interesting was the observation 
that in this group about 50% of the patients maintained an elevated 
antibody response, and only 8% showed a fall during the same period.
In general, the immune response was slightly higher in chlamydia- 
positive cases, possibly due to the additional inflammatory reaction 
of immune complexes (Munday et al., 1981). Besides these observations, 
the most striking was the almost unique response to B. ureolyticus in 
NGU and not to other members of the Bacteroidaceae or bacteria involved 
in lower genita1-tract infections. However, B. melaninogenicus was 
indifferent in producing cross-reactionS which indicated that it 
shared some common surface antigenic sites with B. ureolyticus, probably 
due to the "capsular" ruthenium-red positive layer. Indeed, it 
possesses a similar mucopolysaccharide of the same structure as that 
produced by B. ureolyticus (Woo et al., 1979). It has also been shown 
to be immunologically heterogeneous (Courant & Gibbons, 1967; Jackson 
et al., 1970). The importance of B. ureolyticus in NGU was also 
suggested by the results of comparative serological tests on adult 
hospital patients who attended for a variety of conditions other than 
venereal. As a heterogeneous species, B. ureolyticus has been isolated 
from cutaneous lesions and abscesses and from human clinical specimens 
(Labbe et al., 1977). However, the distribution of antibody to 
B. ureolyticus in these patients was quite different from those with 
NGU in that over half of them had an antibody titre of 41:5 - 1:10.
At a titre range of 1:20 - 1:640 the cumulative antibody result in 
NGU was double that in hospital patients. In particular, only 3% of 
the hospital patients' sera had a titre of 1:320 - 1:640 compared with 
40% of NGU cases. From these findings and observations, it is concluded 
that about 30% of infections with NGU in men are probably caused by NGU- 
associated strains of B. ureolyticus.
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APPENDIX A
Formulations and methods of preparation of culture media, described 
in Materials and Methods Section.
Al. SOLID MEDIA
Enriched brain heart infusion agar (EBHIA-FF) -
Brain heart infusion 37 g
Yeast extract 5 g
Haemin solution* 1 ml
Vitamin solution* 1 ml
Tween-80 1 ml
Agar (Oxoid No.l) 20 g
Sodium formate 2 g
Sodium fumarate 3 g
Cysteine hydrochloride i g
Sodium formaldehyde sulphoxylate 0.3 g
Distilled water 1000 ml
Add Haemin, vitamin and the reducing agents after the medium 
is boiled. Adjust pH 7.2, dispense in 200 ml aliquots, and 
autoclave at 121°C for 15 min.
A1.2 Enriched brain heart infusion agar (EBHIA)
Prepare as above without formate and fumarate.
* See A3.3
A1.3 Enriched tryptone soya dextrose agar (ETSDA)
Tryptone soya broth 
Yeast extract 
Lab-Lemco powder 
Neutralised peptone 
Soluble starch 
Agar (Qxoid No. 1)
Vitamin solution 
Haemin solution 
Tween-80
Cysteine hydrochloride 
Distilled water
A1.4 Enriched tryptone soya agar (ETSA)
Tryptone soya agar 40 g
Yeast extract 5 g
Lab-Lemco powder 3 g
Soluble starch • - 0.2 g
Agar (Qxoid No. 1) 20 g
Cysteine hydrochloride 1 g
Vitamin solution 1 ml
Haemin solution. 1 ml
Tween-80 1 ml
Distilled water 1000 ml
Add Haemin, vitamin and cysteine hydrochloride after the medium 
is boiled. Adjust the pH to 7.4, dispense 200 ml in medical flats, 
and autoclave at 121 °C for 15 min.
30 g 
5 g 
3 g 
3 g 
0.2 g 
20 g 
1 ml 
1 ml 
1 ml
1 g
1000 ml
Reinforced Columbia base agar (RCBA-FF)
Columbia base agar 39 g
Agar (Qxoid No. 1) 10 g
Tween-80 1 ml
Vitamin solution 1 ml
Haemin solution 1 ml
Sodium formate 2 g
Sodium fumarate 3 g
Cysteine hydrochloride ig
Distilled water 1000 ml
Add Haemin, vitamin and cysteine hydrochloride after boiling. 
Adjust pH to 7.4, dispense 200 ml in medical flats and autoclave 
at 121°C for 15 min.
A1.6 Modified Willis & Hobbs Egg Yolk Agar
Tryptone 5 g
Cysteine hydrochloride 1 g
Brain heart infusion 37 g
Agar (Qxoid No. 1) 12 g
Lactose 9.6 g
Sodium formaldehyde sulphoxylate 0.3 g
Haemin solution 1 ml
Vitamin solution 1 ml
1% neutral red solution 4 ml
Distilled water 900 ml
Adjust pH to 7, distribute 200 ml in medical flats and autoclave 
at 121°C for 15 min. Before use add 12 ml Egg Yolk suspension 
(Qxoid).
A1.7 Selective Agar for Bacteroides ureolyticus (Fontaine & Borriello)
Brain heart infusion 37 g
Yeast extract 5 g
Special peptone 10 g
Ornithine 1 g
Sodium formate 2 g
Sodium fumarate 3 g
Potassium nitrate 2 g
Potassium phosphate (I^ HPO^ ) 0.5 g
Sodium carbonate 0.5 g
Vitamin solution 1 ml
Haemin solution 1 ml
Cysteine hydrochloride 1 g
Agar (Qxoid No. 1) 12 g
Distilled water 1000 ml
Add vitamin K^ , haemin and cysteine hydrochloride after boiling.
Adjust pH to 7.2, dispense 200 ml in medical flats and autoclave 
at 121 °C for 15 min. Before use, add the following filter-sterilised 
solutions of antimicrobial agents at the indicated final concentrations: 
vancomycin, 10 Mg/ml; trimethoprim, 10 ms/mI; polymyxin, 0.15 I.U./ml; 
and methyl green, 32 pg/ml.
A2 LIQUID MEDIA
A2.1 Tryptone yeast glucose (TYG)
Tryptone 10 g
Yeast Extract
Glucose (dextrose) 1 g
Cysteine hydrochloride 1 g
Distilled water 1000 ml
Add cysteine hydrochloride after boiling. Adjust pH to 7.2, 
dispense 10 ml in h oz. McCartney bottles and autoclave at 
121°C for 15 min.
A2.2 Transport dilution-medium (TDM)
Titanium trichloride (15%) 1 ml j
)
Disodium citrate (0.2 M) 5 ml ) Blue complex
)
Sodium carbonate (satd.) pH to 7.0 )
For use, add 1-2 ml blue complex (all sterile reagents) to 
10 ml TYG containing 3% bovine serum (inactivated). Dispense 
2 ml in similar volume vial.
Carbon-free medium
Yeast Extract 0.2 g
Sodium chloride 2 g
Calcium chloride 2 g-
Magnesium chloride 0.2 g
Potassium phosphate (I^ HPO^ ) i g
Potassium dihydrogen phosphate 1 g
Distilled water 1000 ml
Dissolve. Adjust pH to 7.0 and dispense in 10 ml aliquots. 
Autoclave at 115°C for 20 min. For use, add sterile solution 
of sodium salts or organic acids, amino acids and/or carbohydrates.
A2.4 Modified Minitek Broth
Tryptone 10 g
Yeast Extract 5 g
L-tryptophan 0.1 g
Purified agar 0.5 g
Sodium formate 2 g
Sodium fumarate 3 g
Sodium phosphate (Na^ HPO^ ) 0.4 g
Sodium carbonate (Na^ CO^ ) 0.25 g
Vitamin solution 1 ml
Haemin solution 1 ml
Cysteine hydrochloride 1 g
Distilled water 1000 ml
Add vitamin K^ , haemin and cysteine hydrochloride after boiling. 
Adjust pH to 7.2, dispense 10 ml aliquots in h oz. MacCartney 
bottles, and autoclave at 121°C for 15 min.
A2.5 Acidified oopper-sulphate for anaerobiosis with steel-wool
Copper sulphate 25 g
Tween-80 1 ml
Distilled water 500 ml
Boil to dissolve. Add 1.6 ml cone. H2SO^  (pH 2.0). Mix and 
dispense 10 ml in universals.
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A3 ENRICHMENT MEDIA
Enriched tryptone soya broth (ETSB-FF)
Tryptone soya broth 20 g
Yeast Extract 5 g
Lab-Lemco 3 g
Neutralised 'peptone 3 g
Agar (Oxoid NO. 1) 0.5 g
Sodium formate 2 g
Sodium fumarate 3 g
Soluble starch 0.2 g
Cysteine hydrochloride i g
Vitamin solution 1 ml
Haemin solution 1 ml
Distilled water 1000 ml
Add vitamin K^ , haemin and cysteine hydrochloride after boiling. 
Adjust pH to 7.3, dispense 100 ml in medical flats, and autoclave 
at 121°C for 15 min.
A3.2 Enriched brain heart infusion broth (EBHI-FF)
Brain heart infusion 37 g
Yeast Extract 5 g
Sodium formate 2 g
Sodium fumarate 3 g
Cysteine hydrochloride 1 g
Sodium formaldehyde sulphoxylate 0.3 g
Vitamin solution 1 ml
Haemin solution 1 ml
Distilled water 1000 ml
Add Haemin, vitamin and cysteine after heating. Adjust 
pH to 7.2 and dispense in 100 ml aliquots. Autoclave at 121 °C 
for 15 min.
A3.3
A3.4
Brain heart infusion for toxin production (B.Tx)
Brain heart infusion 40 g
Tryptone T 10 g
Yeast extract 5 g
Ornithine 1 g
Sodium formate 2 g
Sodium fumarate 3g
Potassium nitrate 2 g
Sodium carbonate 0.5 g
Cysteine hydrochloride 1 g
Haemin solution* 1 ml
Vitamin solution* 1 ml
Distilled water 1000 ml
Add vitamin K^ , haemin and cysteine hydrochloride after boiling 
gently. Adjust pH to 7.3, dispense 5 ml aliquots in bijoux, 
and autoclave at 121°C for 15 min.
* see A3.4
Haemin solution. Dissolve 1 g haemin in 5 ml N.NaOH. Make 
up to 100 ml with distilled water.
Vitamin solution (2 methyl-3 phytyl 1,4-naphthoquinone) 
Dissolve 1 g vitamin K^' in 99 ml absolute ethanol.
A3.5 Menadione stock solution. Add 100 mg menadione to 20 ml
95% ethanol. Filter-sterilise.
Haemin stock solution. Dissolve 50 mg haemin in 1 ml N.NaOH. 
Make up to 100 ml with distilled water. Autoclave at 121°C 
for 15 min.
Haemin-menadione stock solution. Add 1 ml menadione (stock) 
bo 100 ml haemin (stock). For use, add 1 ml to 100 ml medium.
APPENDIX B
Strains isolated from men with NGU in the preliminary clinical survey
NGU-associated strains
and designation Source Nature
Al - A5 TDM I Clinical
A6 - All TDM II Clinical
„ A12 - A17 TDM III Clinical
A18 - A23 TDM IV Clinical
U1 - U5 Urine after swabbing Clinical
D1 - D5 Direct-agar culture Clinical
T1 - T5 Transwabs Clinical
Anaerobic species
B. asaccharolyticus x 2 TDM I-IV Clinical
B. me1aninogenicus x 2 TDM I-IV Clinical
B. bivius x 2 TDM I.-IV Clinical
Key: TDM = transport dilution-medium.
REFERENCES
AINSWORTH, G.C., SNEATH, P.H.A. (Eds.) (1962). Microbial Classification. 
Twelfth Symposium of the Society for General Microbiology.
Camb. England. University Press.
AMBROSE, L.S. Sc TAYLOR, W.W. (1953). A study of the aetiology, 
epidemiology and therapeusis of non-gonococcal urethritis.
Amer. J. Syph. Gonorrhoea and Vener. Dis. 37 : 501-513
AMIES, C.R. Sc DOUGLAS, J.I. (1965). A modified formula for the preparation 
of Stuart's transport medium. Can. J. Public Health. 58 : 296-300
AMIES, C.R. (1971). A preservative for urine specimens in transit to 
the bacteriological laboratory. J. Med. Microb. 4 : 362
ANDERSON, K.F. (1965). Antibacterial bacteriological swabs.
Br. Med. Jour, ii : 1003
ARANKI, A., SYED, S.A., KENNEY, E.B., FRETER, R. (1969). Isolation of 
anaerobic bacteria from human gingiva and mouse caecum by means of 
a simplified glove box procedure. Appl. Microbiol. 17 : 568-576
ARANKI, A Sc FRETER, R. (1972). Use of anaerobic glove boxes for the 
cultivation of strictly anaerobic bacteria. Am. J. Clin. Nutr.
25 : 1329-1334
ATIEBERRY, H.R. Sc FINEGOLD, S.M. (1970). A miniature jar for tissue
. transportation or for cultivation of anaerobes. Am. J. Clin. Pathol. 
53 : 383-388
AUBERT, P. (1884). De l'urethrite bacterienne. Lyon Med. 46 : 337-341
BARJLCW, H.W.L. (1898). Diptheria bacilli in urine. Lancet, Lond. ii : 1471
BARNES, E.M. Sc GOLDBERG, H.S. (1968). The relationships of bacteria 
within the family Bacteroidaceae as shown by numerical taxonomy.
J. Gen. Microbiol. 51 : 313
BARRY, A.L., FAY, G.D., SAUER, R.L. (1972). Efficiency of a transport 
medium for the recovery of aerobic and anaerobic bacteria from 
applicator swabs. Appl. Microbiol. 24 : 31-33
BARTLETT, D.I. Sc HUGHES, M.H. (1969). Bacteriological swabs.
British Medical Journal iii : 450
BARTLETT, J.G., NADINES, S., SIGLER, N., GORBACH, S. (1976).. Anaerobes 
survive in clinical specimens despite delayed processing.
J. Clin. Microbiol. 3 : 133-136
BEERENS, H., SCHAFFNER, Y., GUILLAUME, J., CASTEL, M.M. (1963). Les 
bacilles anadrobies non sporules a Gram negatif favorises par la 
bile leur appartenance au genre Eggerthella (nov. gen). Annls. Inst. 
Pasteur. Lille 14 : 5
BELL, M.J., TERNBERG, J.L., BROTHERTON, T., FEIGIN, R.D. (1978).
Evaluation of a method for transportation and preservation of 
anaerobic microorganisms. The Amer. J. Surg. 135 : 718-720
BEVERIDGE, W.I.B., CAMPBELL, A.D., LIND, P.E. (1946). Pleuro-pneumonia- 
like organisms in cases of non-gonococcal urethritis in man and in 
normal female genitalia. Medical Jour. Australia 1_ : 179-180
BOCKHART, M. (1886). Ueber die pseudo-gonorrhoische Entziindung der 
Harnrohre des Nebenhoetens. Monatsh. f. prakt. Dermat. Hanb.
5 : 134-156
BORRIELLO, S.P., FONTAINE, E.A., HAWKINS, D., TAYLOR-ROBINSON, D. (1985). 
Development and evaluation of a selective medium for an anaerobe 
associated with non-gonococcal urethritis. Scand. J. Urol. Nephrol. 
Suppl. 86 : 167-171
- BOWIE, W.R., ALEXANDER, E.R., FLOYD, J.F., HOLMES, J., MILLER, V.,
HOLMES, K.K. (1976). Differential response of chlamydial and 
ureaplasma associated urethritis to sulphafurazole (sulfisoxazole) 
and aminocyclitols. Lancet 2 : 1276-1278
BCWIE, W.R., ALEXANDER, E.R., FLOYD, J.F., FORSYTH, P.S., POLLOCK, H.M.,
LIN, J.-S., BUCHANAN, T.M.,' HOLMES, K.K. (1977a). Etiology of non­
gonococcal urethritis : evidence for Chlamydia trachomatis and 
Ureaplasma urealyticum. J. Clin. Invest. 59 : 735-742
BOWIE, W.R., POLLOCK, H.M., FORSYTH, P.S., FLOYD, J.F., ALEXANDER, E.R., . 
WANG, S.-P., HOLMES, K.K. (1977b) Bacteriology of the Urethra in 
normal men and men with non-gonococcal urethritis. J. Clin. Microbiol.
6 : 482-488
BREWER, J.H. (1940). A clear liquid medium for the aerobic cultivation 
of anaerobes. J. Bacteriol. 39 : 10
BREWER, J.H. 8c ALLGEIER, D.L. (1966). Safe self-contained carbon dioxide- 
hydrogen anaerobic system. Appl. Microbiol. 14 : 985-988
BRODIE, B.C. (1836). Pathological and surgical observation on Diseases
of the Joints. 4th Ed. p. 57 London‘.Longman. Hurst, Rees, Orme 8c Brown.
BUMM, E. (1885). Der Mikro-Organismus der gonorrhoischen Schleimhaut- 
Erkrankungen "Gonococcus-Neisser" Nach Untersuchiengen beinn Weibe 
und an der Conjunctiva der Neugeboicnen. Wiesb. J.F. Bergman, 
p. 151., 4pl. 8°. 6M.
BURDON, K.L. (1946). Fatty material in bacteria and fungi revealed by 
staining dried, fixed slide preparations. J. Bact. 52 : 665
CALDWELL, D.R. Sc ARCAND, C. (1974). Inorganic and metal-organic growth 
requirements of the genus Bacteroides. J. Bacteriol. 120 : 322-33
CARNEY, F.E.Jr. 8c TAYLOR-ROBINSON, D. (1973). Growth and effect of 
Neisseria gonorrhoeae in organ cultures. Br. J. Vener. Dis.
49 : 435-440
CARY, S.G. Sc BLAIR, E.B. (1964). New transport medium for shipment 
of clinical specimens. J. Bacteriol. 88 : 96
CATTERALL, R.D. (1960). Diagnosis and treatment of trichomonal urethritis
- in men. Br. Med. Jour. 1 : 1123
CHERRY, J.D. Sc TAYLQR-ROBINSON, D. (1970). Large quantity production of 
chicken embryo tracheal organ cultures and use in virus and mycoplasma
studies. App. Microbiol. 19 : 658-662
CHCW, A.W., CUNNINGHAM, P.J., GUZE, L.B. (1976). Survival of anaerobic 
and aerobic bacteria in a non-supportive gassed transport system.
J. Clin. Microbiol. 3 : 128-132
COHN, P. (1905). Eine primare, rucht gonorrhoische urethritis mit
auffallend reichlichen influenzabazillan. Deutsche med. Wchnschr, 
Leipz. U. Berl. 31 : 1152-1154
C0LT.EE, J.G., RUTTER, J.M., WATT, B. (1971). The significantly viable
particle : a study of the subculture of an exacting sporing anaerobe. 
J. Med. Microbiol. 4 : 271
COLLEE, J.G., WATT, B., ECWLER, E.G., BROWN, R. (1972). An evaluation of 
the Gaspak system in the culture of anaerobic bacteria. J. Appl. 
Bacteriol. 35 : 71
COLLEE, J.G. Sc WATT, B. (1973). "Lost in transit" : inactivation studies 
with anaerobes on swabs and plates. J. Med. Microbiol. 6 : i
COLLEE, J.G., WATT, B., BROWN, R., JOHNSTONE, S. (1974). The recovery of 
anaerobic bacteria from swabs. J. Hyg. (Camb.) 72 : 339
COLLIER, A.M. & CLYDE, W.A. (1971). Relationships between Mycoplasma 
pneumoniae and human respiratory epithelium. Infect. Immun.
3 : 694-701
COONS, A.H., CREECH, H.J., JONES, R.N. (1941). Immunological properties 
of antibody containing fluorescent group. Proc. Soc. Exper. Biol.
8c Med. 47 : 200-202
COONS, A.H. (1951). The beginnings of immunofluorescence. J. Immunol.
87 : 499-503
COUFALIK, E.D., TAYL0R-R0BINS0N, D., CSONKA, G.W. (1979). Treatment of 
non-gonococcal urethritis with rifampicin as a means of defining the 
role of Ureaplasma urealyticum. Br. J. Vener. Dis. 55 : 36-43
COURANT, P.R. 8c GIBBONS, R.J. (1967). Biochemical and immunological 
heterogeneity of Bacteroides melaninogenicus. Archs. Oral Biol.
12 : 1605-1613
CCWAN, S.T. (1977). Cowan and Steel's manual for the identification of 
medical bacteria. 2nd Ed. (reprinted). Cambridge : Cambridge 
University Press.
CRUICKSHANK, R. (1953). Taking swabs. Br. Med. Jour. Nov. 14:1095-1097
CRUICKSHANK, R. (1968). Medical Microbiology. 11th Ed. revised reprint: 
pp. 658-661. Edinburgh Sc London : E. Sc S. Livingstone.
DADD, A.H., DAGNALL, V.P., EVERALL, P.H., JONES, A.C. (1970). The 
survival of Strept. pyogenes on bacteriological swabs made from 
various fibres. J. MedT Microb. 3 : 561-72
DANIELSSON, D., LAMBE, D.W., PERSSON, S. (1974). Immune response to 
anaerobic infection. In : Anaerobic bacteria : role in disease, 
p. 173 (ed. A. Bolows, R.M. De Haan, V.R. Dovell, L.B. Guze)
Charles C. Thomas. Springfield. 111.
DAVIDSON, F. (1977). Yeasts and circumcision in the male. Br. J. Vener.
Dis. 53 : 121
DEACON, A.G., DUERDEN, B.I., HOLBROOK, W.P. (1978). Gas-liquid
chromatographic analysis of metabolic products in the identification 
of Bacteroidaceae of clinical interest. J. Med. Microbiol. LL : 81
DENNY, F.W. (1974). Effect of a toxin produced by Haemophilus influenzae 
on ciliated respiratory epithelium. ,J. Infect. Dis. 129 : 93-100
DE VOE, I.W., GILCHRIST, J.E. (1973). Release of endotoxin in the form 
of cell-wall blebs during in vitro growth of Neisseria meningitidis 
J. Exp. Med. 138 : 1156-1167
DIENES, L. Sc EDSALL, G. (1937). Observations on the L-organism of
Klieneberger. Proceedings of the Society for Experimental Biology 
and Medicine. 36 : 740-744
DIENES, L. (1940). Cultivation of PPL0 from female genital organs. Proc.
Soc. Exp. Biol. Med. 44 : 468.
DIENES, L. Sc SMITH, W.E. (1942). Relationship of pleuro-pneummonia-like 
(L) organisms to infections of human genital tract. Proceedings of 
the Society for Experimental Biology and Medicine. 50 : 99-101
DOWELL, V.R.Jr. (1972). Comparisons of techniques for isolation and 
identification of anaerobic bacteria. Amer. J. Clin. Nutr. 25 : 
1335-1343
DOWELL, V.R.Jr. Sc HAWKINS, T.M. (1974). Laboratory methods in anaerobic 
bacteriology - CDC Laboratory Manual. Center for Disease Control : 
Atlanta, Georgia.
DRASAR, B.S. (1967). Cultivation of anaerobic intestinal bacteria.
J. Pathol. Bacteriol. 94 : 417-427
DUERDEN, B.I., HOLBROOK, W.P., COLLEE, J.G., WATT, B. (1976). The 
characterisation of clinically important Gram-negative anaerobic 
bacilli by conventional bacteriological tests. J. Appl. Bact.
40 : 163
DUERDEN, B.I. (1980). The identification of Gram-negative anaerobic bacilli- 
isolated from clinical infections. J. Hygiene. Cambridge 84 : 301-313
DUERDEN, B.I., COLLEE, J.G., BROWN, R., DEACON, A.G., HOLBROOK, W.P.
(1980). A scheme for the identification of clinical isolates of 
Gram-negative anaerobic bacilli by conventional bacteriological tests.
J. Med. Microbiol. 13 : 231-245
DUERDEN, B.I. (1982). Infections with anaerobes. Abstract from
Pathological Society of Gt. Britain & Ireland. 145th Meeting. Sheffield
DUERDEN, B.I., BENNET, K.W., FAULKNER, J. (1982). Isolation of
Bacteroides ureolyticus (B. corrodens) from clinical infections.
J. Clin. Pathol. 35 ; 309-312
EGGERTH, A.H. Sc GAGNON, B.H. (1933). The bacteroides of human faeces.
J. Bacteriol. 25 : 389-413
EIKEN, M. (1958). Studies on an anaerobic, rod-shaped, Gram-negative
microorganism : Bacteroides corrodens n. sp. Acta Pathol. Microbiol. 
Scand. 43 : 404-416
ELHAG, K.M., BETTELHEIM, K.A., TABAQCHALI, S. (1977), Serological studies 
of Bacteroides fragilis. J. Hyg. Canib. 79 : 233
ELSER, W.J. & HUNTON, F.M. (1909) . Studies on meningitis. J. Med. Research, 
Bost. 20 : 371-541
EVANS, R.T. Sc TAYLOR-ROBINSON, D. (1982). Development and evaluation of 
an enzyme-linked immunosorbent assay (ELISA) using chlamydial group 
antigen to detect antibodies to C. trachomatis. J. Clin. Pathol.
35 : 1122-1128.
FELNER, M.J. Sc DCWELL, V.R. Jr. (1971). Bacteroides bacteraemia.
Am. J. Med. 50 : 787-795
FERGUSON, I.R., PHILLIPS, K.D., TEARLE, P.V. (1975). An evaluation of
the carbon dioxide component in the Gas Pak system. J. Appl. Bacteriol. 
39 : 167-173
FINEGOLD, S.M., SUTTER, V.L., ATTEBERY, , H.R., ROSENBLATT, J.E. (1974). 
Isolation of anaerobic bacteria, p. 365-375. In : E.H. Lennette,
E.H. Spaulding Sc J.P. Truant (ed.). Manual of Clinical Microbiology,
.. Washington D.C.
FINEGOLD, S.M. Sc BARNES, E.M. (1977). Report of ICSB Taxonomic Subcommittee 
on Gram-negative anaerobic rods, that B. roelaninogenicus be 
reclassified into two species. Int. J. Syst. Bacteriol. 27 : 388-391
FONTAINE, E.A. Sc TAYLOR-ROBINSON, D. (1981). Evaluation of liquid
transport media for the isolation of anaerobic bacteria : relevance 
to genital tract specimens. J. Infect. _3 : 360-369
FONTAINE, E.A., TAYLOR-ROBINSON, D., HANNA, N.F., COUFALIK, D. (1982). 
Anaerobes in men with urethritis. Br. J. Vener. Dis. 58 : 321-326
FONTAINE, E.A., BORRIELLO, S.P., TAYLOR-ROBINSON, D., DAVIES, H.A. (1984). 
Characteristics of a Gram-negative anaerobe isolated from men with 
non-gonococcal urethritis. J. Med. Microbiol. 37 : 129-140
FONTAINE, E.A.R., BQRRIELLO, S.P., TAYLOR-ROBINSON, D., DAVIES, H.A.
(1985). Differential characteristics of a small Gram-negative 
anaerobe associated with non-gonococcal urethritis which morphologically 
resembles Bacteroides ureolyticus. Scand. J. Urol. Nephrol. Suppl.
. - 86 : 157-165 T “
FRAZIER, W.C. (1926). A method for the detection of changes in gelatin 
due to bacteria. J. Infect. Dis. 39 : 302
FURNESS, G. Sc CSONKA, G.W. (1966). Isolation of diphtheroids from non­
gonococcal urethritis. Br. J. Vener. Dis. 42 : 185
FURNESS, G., KAMAT, M.H., KAMINSKI, Z., SEEBODE, J.J. (1971). Isolation
of Corynebacteria from non-specific urethritis. J. Urol. 106 : 551-561
FURNESS, G. Sc EVANGELISTA, A.T. (1976). Infection of a non-specific
urethritis patient and his consort with a pathogenic species of non- 
: specific urethritis corynebacteria, Coryriebacterium genitalium n’.sp.
. Invest. Urol. 14 : 202
FURNESS, G., EVANGELISTA,A., KAMINSKI, Z. (1977). Biologic reactions
differentiating commensals of the urogenital tract from the pathogens 
responsible for Urethritis. Invest. Urol. 15 : 23-27
GIBBONS, R.J. Sc MACDONALD, J.B. (1960). Hemin and Vitamin K compounds 
as required factors for the cultivation of certain strains of 
Bacteroides melaninogenicus J. Bacteriol. 80 : 164-170
GOODALL, D.W. (1967). A new similarity index based on probability.
Biometrics. 22 : 882-907 .
GQRBACH, S.L. Sc BARTLETT, J.G. (1974). Medical progress:anaerobic
infections. N. Engl. J. Med. 290 : 1177-1184; 1237-1245; 1289-1294.
GORDON, F.B. ScQUAN, A.L. (1965). Isolation of the trachoma agent in cell 
culture. Proc. Soc. Exp. Biol. Med. 118 : 354-359
GRAM, C. (1884). Ueber die isolirte Farbung der Schizomyceten in Schnitt- 
und Trookenpraparaten Fortschritte der Medicin, 2 : 185. In : 
Milestones in Microbiology by T.D. Brook (1961). Prentice-Hall 
International Inc. London, p. 215
GREGG, C.R., MELLY, M.A., HELLERQVIST, C.G., CONIGLIO, J.G., M3 GEE, Z.A.
(1981). Toxic activity of purified lipopolysaccharide of Neisseria 
gonorrhoeae from human fallopian tube mucosa. J. Infect. Dis.
143 : 432-439
GRENLEY, P. (1944). Non-specific urethritis of venereal origin. J. Urol.
52 : 92-97
GRIMBLE, A. Sc ARMITAGE, L.R.G. (1974). Surface structures of the gonococcus. 
Br. J. Vener. Dis. 50 : 354-359
GUIARD, F.F. (1897). Des urethrites non-gonococcique. Ann. d. mal. d. 
org. genito-urin. Par. 15 : 449-499
HAFIZ, S., McENTEGART, M.G., MORTON, R.S., WAITKINS, S.A. (1975).
Clostridium difficile in the urogenital tract of males and females. 
Lancet 1^ : 420-421
HALLEN, A., RYDEN, A.-C., SCHWANN, A., WALLIN, J. (1977). The possible - 
role of anaerobic bacteria in the aetiology of non-gonococcal urethritis 
in men. Br. J. Vener. Dis. 53 : 368-371
HAMMAN, R. (1982). A reassessment of the microbial flora of the female
genital tract, with special reference to the occurrence of Bacteroides 
species. J. ftfed. Microbiol. 15 : 293-302
HARE, M.J., DUNLOP, E.M.C., TAYLOR-ROBINSON, D. (1969). Tfycoplasmas and 
'non-specific' genital infection III. Post-gonococcal urethritis : a 
prospective study. Br. J. Vener. Dis. 45 : 282-286
HARKNESS, A.H. (1944). Venereal Diseases. J. Roy. Inst. Pub. Health & Hyg.
7 : 252-263
HARKNESS, A.H. (1950). Non-gonococcal urethritis. Edinburgh. Livingstone.
HEIMHOLTZ, H.F. (1950). Determination of the bacterial content_of the 
urethra : a new method, with results of a study of 82 men. J. Urol.
64 (i) : 158-166
HENRICHSEN, J. (1972). Bacterial surface translocation : a survey and a 
classification. Bact. Rev. 36 : 478
HENRICHSEN, J. (1975). The occurrence of twitching motility among Gram- 
negative bacteria. Acta Path. Microbiol. Scand. Sect. B, 83 : 171
HENRICHSEN, J. (1983). Twitching motility. Ann. Rev. Microbiol. 37 : 81-93
HENRIKSEN, S.D. (1969). Designation of the type strain of Bacteroides 
corrodens. Int. J. Syst. Bacteriol. 19 : 165-166
HENTGES, D.J. & MAIER, B.R. (1972). Theoretical basis for anaerobic 
methodology. Am. J. Clin. Nutr. 25 : 1299-1305
HERNANDEZ, J.F. (1812). Essai analytique sur la non-identitd des Virus 
gonorrhoique et syphilitique. Paris
HIGGINS, M. (1950). A comparison of the recovery rate of organisms from 
cotton wool and calcium alginate wool swabs. Monthly Bit. of the Min. 
Hlth. and P.H.L.S. 9 : 50-51
HILL, B. & COOPER, A. (1881). Syphilis and local contagious disorders.
2nd Ed. Lond. 8°, 18s. .
HILL, L.R., SNELL, J.J.S., LAPAGE, S.P. (1970). Identification and
characterisation of Bacteroides corrodens. J. Med. Microbiol. 3 : 483
HILL, G.B. (1978). Effects of storage in an anaerobic transport system on 
bacteria in known polymicrobial mixtures and in clinical specimens.
J. Clin. Microbiol. 8 : 680-688
HJELM, E., HALLEN, A., FORSUM, U., WALLIN, J. (1982). Motile anaerobic
curved rods in non-specific vaginitis. Eur. J. Sex Transm. Dis. _1 : 10
HOFSTAD, T., SVEEN, K., DAHLEN, G. (1977). Chemical composition, serological 
reactivity and endotoxicity of lipopolysaccharides extracted in 
different ways from Bacteroides fragilis, Bacteroides melaninogenicus 
and Bacteroides oralis. Acta Pathol. Microbiol. Scand. (B) 85 : 262
HOLBROOK, W.P., DUERDEN, B.I., DEACON, A.G. (1977). The classification of
Bacteroides melaninogenicus and related species. J. Appl. Bact. 42 : 259
HOLDEMAN, L.V. & MOORE, W.E.C. (1977). Anaerobe Laboratory Manual. 4th Ed. 
Virginia Polytechnic Institute and State University, Blacksburg, Va.
HOLDEMAN, L.V. Sc JOHNSON, J.L. (1-977). Bacteroides disiens sp. nov. and 
Bacteroides bivius sp. nov. from human clinical infections. Int. J.
Syst. Bacteriol. 27 : 337-345
HOLDEMAN, L.V. Sc JOHNSON, J.L. (1982). Description of Bacteroides loeschii
sp. nov. and emendations of the descriptions of Bacteroides melaninogenicus 
(Oliver Sc Wherry, Roy Sc Kelly, 1939) and Bacteroides dentfcola, ShahSc 
Collins, (1981). Int. J. Syst. Bacteriol"! 32 : 399 .
HOLMES,- K.K., HANDSFIELD, H.H., WANG, S.-P. , WENTWORTH, B.B., TURCK, M.
ANDERSON, J.B., ALEXANDER, E.R. (1975). Etiology of non-gonococcal 
urethritis. N. Engl. J. Med. 292 : 1199-1205
HOLST, E., MfeDH, P.-A., THELIN, I. (1985).. Recovery of anaerobic curved 
rods and Gardnerella vaginalis from the urethra of men, including male 
heterosexual consorts of female carriers. Scand. J. Urol. Nephrol.
Suppl. 86 : 173-177
HOLT, S.C., TANNER, A.C.R., SOCRANSKY, S.S. (1980). Morphology and ultra­
structure of oral strains of Actinobacillus aetinomycetemcomitans and 
Haemophilus aphrophilus. Inf. Inmun. 30 : 588-600 —
HOORN, B., TYRRELL, D.A. (1969). Organ cultures in virology. Progr. Med.
Virol. 11 : 408-450
HOSOYA, S., KISHINO, S. (1925). The influence of the sulphur-containing
substances upon the growth of anaerobic bacilli. Sci. Rept. Govt. Inst. 
Dis. Tokyo Imp. Univ. 4 : 123
HUNGATE, R.E. (1950). The anaerobic mesophilic cellulolytic bacteria.
Bacteriol. Rev. 14 : 1-49
HUNGATE, R.E. (1969). A roll-tube method for the cultivation of strict 
anaerobes. Methods of Microbiol. 3B : 117
HUNTER, J.A. (1786). A treatise on venereal disease, p. 324 (London) 
Introduction and commentary by J. Adam (First American Edition) 
Philadelphia, J. Webster, 1818
INGHAM, H.R., SELKON, J.R., CODD, A.A., HALE, J.G. (1970). The effect of 
carbon dioxide on the sensitivity of Bacteroides fragilis to certain 
antibiotics in vitro. J. Clin. Path, 23 : 254
JACKSON, F.L., GOODMAN, Y.E., WONG, PIU,C., WHITEHOUSE, R.L.S. (1970). 
Comparison of certain agar-pitting organisms designated Bacteroides 
corrodens. Bact. Proc. p. 75
JACKSON, F.L., GOODMAN, Y.E., BELL, F.R., WONG, P.C., WHITEHOUSE, R.L.S..
(1971). Taxonomic status of facultative and strictly anaerobic corroding 
bacilli that have been classified as B. corrodens. J. Med. Microbiol.
4 : 171-184
JACKSON, F.L. & GOODMAN, Y.E. (1978). Bacteroides ureolyticus a new species 
to accommodate strains previously described as B. corrodens. anaerobic.
Int. J. of Syst. Bacteriol. 28 : 197-200
JAMES, A.L. 8c ROBINSON, J.V.A. (1975). A comparison of the biochemical
activities of Bacteroides "corrodens and Eikenella corrodens with those 
of certain other Gram-negative bacteria. J. Med. Microbiol. 8 : 59
JEENSON, S. Sc MOLIN, L. (1974). On the', occurrence of genital herpes simplex 
virus infection. Acta dermatol. (Kyoto) 54 : 479-485
JOHANNISON, G., EDMAR, B., LYCKE, E. (1977). Chlamydia trachomatis infection 
.. and veneral disease. Acta dermato venerologica 57 : 455-458
JOHNSON, J.L. (1973). Use of nucleic-acidhomologies in the taxonomy of 
anaerobic bacteria. Int. J. Syst. Bacteriol. 23 : 308-315
JOHNSON, A.P., TAYLOR-ROBINSON, D., McGEE, Z.A., MELLY, M.A., CARNEY, F.E. 
(1977). Preliminary studies on the mechanisms by which Neisseria 
gonorrhoeae damages host tissue. F E M S Microbiology Letters _1 : 247-249
JOHNSON, A.P., McGEE, Z.A., ARGABRITE, P.H., MELLY, M.A., TAYLOR-ROBINSON,D.
(1980). Selectivity for human genital mucosa of a toxic factor 
elaborated by Neisseria gonorrhoeae. F E M S Microbiol. Lett. 8 : 29-31
JOHNSON, J.L. (1981). Genetic characterisation. In : Gerhadt P. (ed.)
Manual of methods for general bacteriology. Washington D.C. : American 
Soc. for Microbiology, p. 450-72
JOHNSON, G.D., DAVIDSON, R.S., McNAMEE, K.C., RUSSELL, G., GOOEWIN, D.,
HOLBORCW, E.J. (1982). Fading of immunofluorescence during microscopy : 
a study of the phenomenon and its remedy. J. Immunol. Methods. 55 : -
231-242 —
JUSTESEN, T., NIELSON, M.L., HATTEL, T. (1973). Anaerobic infections in 
chronic prostatitis and chronic urethritis. Med. Microbiol. Immunol.
158 : 237-48
KARNOVSKY, M.J. (1965). A formaldehyde-glutaraldehyde fixative of high 
osmolarity for use in electron microscopy. J. Cell BioL. 27 : 137
KASPER, D.L. (1976). The polysaccharide capsule of B. fragilis. “
Immunochemical and morphologic definition. J. Infect. Dis. 133 : 79
KEAT, A., THOIAS, B.J., TAYLOR-ROBINSON, D. (1983). Chlamydial infection 
in the aetiology of arthritis. Br. Med. Bull. 39 : 168-174
KERSTERS, K. Sc DE LEY, J. (1980). Classification and identification of 
bacteria by electrophoresis of their proteins. In : Microbiological 
Classification and Identification. SAB Symposium Series No. 8 
pp. 273-293. Edited by Goodfellow & R.G. Board. Londons Academic Press
KHAIRAT, 0. (1967). Bacteroides corrodens isolated from bacteraemias.
J. Path. Bact. 94 : 29
KILLGQRE, G.E., STARR, S.E., DEL BENE, V.E., WHALEY, D.N., DCWELL, V.R.Jr. 
(1973). Comparison of three anaerobic systems for the isolation of 
anaerobic bacteria from clinical specimens* Am. J. Clin. Path. 59 :552
LABBE, M., HANSEN, W., SHOUIENS, E., YOURASSOWSKY, E. (1977). Isolation 
of Bacteroides corrodens and Eikenella corrodens from human clinical 
specimens. Infection 5 : 159-162 _
LAEMMLI, U.K. (1970). Cleavage of structural proteins during the assembly 
of ;the head bacteriophage T4. Nature (London) 227 : 680-686
•LAI, C.H., LISTGARTEN, M.A., TANNER, A.C.R., SOCRANSKY, S.S. (1981). 
Ultrastructures of Bacteroides gracilis, Campylobacter concisus,
Woliriella recta and Eikenella corrodens, all from humans with peridontal 
disease. Int. J. Syst. Bacteriol. 31 : 465-475
LAMBE, D.W., DANIELSSON, D., VR00N, D.H., CARVER, K.R. (1975). Immune 
response in eight patients infected with Bacteroides fragilis.
J. Infect. Dis. 131 : 499-508
LAUNOIS, P.E. (1899). Artropathies r^ cidivantes, amyotrophie generalisde, 
troubles trophiques multiples (comes cutanees, chute d* un angle) 
d'origine bldnorrhagique. Bull. Soc. Mdd. H&p. Paris, third ser.
16 : 736
LAVENANT, A. (1921). Les infections secondaires de l'uretre et les urethrites 
a enterocoques. J. d'urol. med. et chir., Par. 11 : 109-133
LEACH, P.A., BULLEN, J.J., GRANT, I.D. (1971). Anaerobic C02 cabinet for 
the cultivation of strict anaerobes. Appl. Microbiol. 22 : 824-827
LEEUWENHOEK, A. (1680). In : Dobell, C. Antony van Leeuwenhoek and his
"Little Animals". New York : Dover, 1960
LEIGH, D.A. Sc SIMMONS, K. (1977). Identification of non-sporing anaerobic 
bacteria. J. Clin Path. 30 : 991-992
LEISTIKOV, (1882). Ueber bacterien bei der venerischen Krankheiten. 
Charitl-Ann. Berl. 7_ : 750-772
LEV, M. (1968). Vitamin K deficiency in Fusiformis nigrescens. I. Influence 
on whole cells and cell envelope characteristics. J. Bacteriol.
95 : 2317-2324
LEV, M., KEUDELL, K.C., MILFORD, A.F. (1971). Succinate as a growth factor
for Bacteroides melaninogenicus. J. Bacteriol. 108 : 175-178
LEVIN, J., POORE, T.E., ZAUBER, N.P., OSER, R.S. (1970). Detection of 
endotoxin in the blood of patients with sepsis due to Gram-negative 
bacteria. N. Engl. J. Med. 283 : 1313
LINDBERG, A.A., WEINTRAUB,. A., NORD, C.E. (1979). The humoral antibody 
response to Bacteroides fragilis infections in humans. Scand. J. 
Infect. Dis. Suppl. 19 : 46
LINDNER, K. (1910). Zue Atiologie der gonokokkenfreien Urethritis.
Wien. Klin. Wochenschr. 23 : 283-284
LISTON, J., WEIBE, W., COLWELL, R.R. (1963). Quantitative approach to the 
study of bacterial species. J. Bacteriol. 85 : 1061-1070
LOCKHART, -W.R., Sc LISTON, J. eds. (1970). Methods for numerical Taxonomy. 
American Society for Microbiology. Bethesda, Md.
LOESCHE, W.J. (1969). Oxygen sensitivity of various anaerobic bacteria. 
Appl. Microbiol. 18 : 723-727
LCWRY7 O.H., ROSEEROUGH, N.J. , FARR, A.L., RANDALL, R.J. (1951). Protein 
measurement .with the Folin phenol reagent. J. Biol. Chem. 193 : “265
LUFT, J.H. (1964) . Electron microscopy of cell extraneous coats as 
revealed by ruthenium red staining. J. Cell Biol. 23 : 54-55
MANDEL, M. (1969). New approaches to Bacterial Taxonomy. Ann. Rev. 
Microbiol. 23 : 239
M&RDH, P. Sc WESTR0M, L. (1976). Adherence of bacteria to vaginal epithelial 
cells. Infect. Immun. 13 : 661-666
M&RDH, P.-A., BALDETQRP, B., HAKANNSON, C.H., FROTZ, H., WESTROM, L. (1979). 
Studies of ciliated epithelia of the human genital tract 3: 
mucociliary activity in organ cultures of human fallopian tubes 
challenged with Neisseria gonorrhoeae and gonococcal endotoxin.
Br.J. Vener. Dis. 55 : 256-264
MARSDEN, H.B. Sc HYDE, W.A. (1971). Isolation of Bacteroides corrodens 
from infections in children. J. Clin. Pathol. 24 : 117-119
MARTIN, W.J. (1971). Practical method for isolation of anaerobic bacteria 
in the clinical laboratory. Appl. Microbiol. 22 : 1168-1171
MASFARI, A.N., KINGH0RN, G.R., DUERDEN, B.I. (1983). Anaerobes in
genito-urinary infections in men. Br. J. Vener. Dis. 59 : 255-259
MASTERTON, G., SENGUPTA, S.M., SCHOFIELD, C.B.S. (1975). Natamycin in 
genital candidosis in men. Br. J. Vener. Dis. 51 : 210-212
McCORD, J.M., KEELE, B.B., FRIDOVITCH, I. (1971). An enzyme-based theory 
of obligate anaerobiosis : the physiological function of superoxide 
dismutase. Proc. Nat. Acad. Sci. 68 : 1024-1027
McCORMACK, W.M., LEE, Y-H., ZINNER, S.H. (1973). Sexual experience and 
urethral colonization with genital mycoplasmas. A study in normal 
men. Annls. Intern. Med. 78 : 696-698
McGEE, Z.A., JOHNSON, A.P., TAYLOR-ROBINSON, D. (1976). Human fallopian 
tubes in organ culture: Preparation, maintenance and quantitation of
damage by pathogenic micro-organisms. Inf. Immun. 13 : 608-618
McGEE, Z.A., MELLY, M.A., GREGG, C.R., HORN, R.G., TAYLOR-ROBINSON, D.,
JOHNSON, A.P., McCUTCHAN, J.A. (1978). Virulence factors of gonococci : 
Studies using human fallopian tube organ cultures : In : Immunobiology 
of Neisseria gonorrhoeae. Edited by G.E. Brooks, E.C. Gotschlich,
K.K. Holmes, W.D. Sawyer Sc F.E. Young, pp. 258-262. Amer. Soc.
Microbiol. : Washington,D.C.
McGEE, Z.A., JOHNSON, A.P., TAYLOR-ROBINSON, D. (1981). Pathogenic
mechanisms of Neisseria gonorrhoeae : Observations on damage of human 
fallopian tubes in organ culture by gonococci of colony type I or 4.
J. Infect. Dis. 143 : 413-422 '
McINTOSH, J. Sc FILDES, P. (1916). A new apparatus for the isolation and 
cultivation of anaerobic microorganisms. Lancet-1 : .768
McLEAN, T.L. (1944) Pyogenic infections of the urinary tract.
Canad. M.A.J. 51 : 469-475
McMINN, M.T. & CRAWFORD, J. J. (1970).. Recovery of anaerobic microorganisms 
from clinical specimens in prereduced media Versus recovery by routine 
clinical laboratory methods. Appl. Microbiol. 19 : 207
MEHTA, U.S., RANA, V.S., VAISHNAV, V.P. (1967). A bacteriological study of 
acute urethritis. Indian J. Path. Bact... 10 : 170-176
MILES, A.A. 8c MISRA, S.S. (1938). The estimation of the bactericidal power 
of the blood. J. Hyg. Camb. 38 : 732
MOORE, W.E.C. (1966). Techniques for routine culture of fastidious anaerobes. 
Int. J. Syst. Bacteriol. 16 : 173-190
MORRISON, A.I. (1963). Investigation of non-gonococcal urethritis by 
anaerobic culture. Br. J. Vener. Dis. 39 : 118-120
MOSS, S. (1983). Isolation and identification of anaerobic organisms from 
the male and female urogenital tracts. Br. J. Vener. Dis. 59 : 182-185
MUNDAY, P.E., THOMAS, B.J., JOHNSON, A.P., ALTMAN, D.G., TAYLOR-ROBONSON, D.
(1981). Clinical and microbiological study of non-gonococcal urethritis 
with particular reference to non-chlamydial disease. Br. J. Vener.
Dis. 57 : 327-333
NAHMIAS, A.J. 8c ROIZMAN, B. (1973). Infection with Herpes simplex virus 1
and virus 2. N. Engl. J. Med. 289 : 667-72; 719-83
NIEDERMAN, R.A. Sc WOLIN, M.J. (1972). Requirement of succinate for the
growth of Vibrio succinogenes. J. Bacteriol. 109 : 546-549
NEISSER, A. (1879). Ueber eine der Gonorrhoe eigenfhum liche Micrococcus- 
form. Vorlaufige Mittheilung Centralbl. f. d. med. Wissensch., Berl.
17 : 497-500
NOBLES, E.R. (1973). Bacteroides infections. Ann. Surg. 177 : 601-606
NOVOTNY, P., SHORT, J.A., WALKER, P.D. (1975). An electron microscope 
study of naturally occurring and cultured cells by Neisseria 
gonorrhoeae. J. Med. Microbiol. 8 : 413-427
NCWAK, J. (1929). Morphologie, nature et cycle evolutif du microbe de la
pdripneumonie des bovidds. Annales de l'Institut Pasteur. 43 : 1330-1352
ONDERDONK, A.B., KASPER, D.L., CISNEROS, R.L., BARTLETT, J.G. (1977;).
The capsular polysaccharide of Bacteroides fragilis as a virulence 
factor : comparison of the pathogenic potential of encapsulated and 
unencapsualted strains. J. Infect. Dis. 136 : 82
ORIEL, J.D., REEVE, P., PCWIS, P., MILLER, A., NIGOL, C.S. (1972).
Chlamydial infection. Isolation of Chlamydia from patients with non­
specific genital infection. Br. J. Vener. Dis. 48 429-436
ORIEL, J.D., REEVE, P., WRIGHT, J.T., CWEN, J. (1976). Chlamydial infection 
of the male urethra. Br. J. Vener. Dis. 52 : 46-51
CWEN, R.J. & JACKMAN, P.J.H. (1982). The similarities between Pseudomonas 
paucimobilis and allied bacteria derived from analysis of deoxyribo- 
nucleic acids and electrophoretic protein patterns. J. Gen. Microbiol. 
128 : 2945
PARKER, L. (1839). The modem treatment of s^hiiitic diseases. London.
PARKER, C.A. (1955). Anaerobiosis with iron wool. Austral. J. Exp. Biol. 
Med. Sci. 33:33-37
PASTEUR, L. (1861). Animalcules infusoires vivant sans gas oxygene libre 
et determinant des fermentations. Compt. Rend. Acad. Sci. 52 : 344
PEACH, S. Sc HAYEK, K.L. (1974). The isolation of anaerobic bacteria from 
wound swabs. J. Clin. Path. 27 : 578
PEARSON, H.E. Sc ANDERSON, G.V. (1970) . Genital bacteroidal abscesses in 
women. Am. J. Obstet. Gynecol. 107 : 1264
PERROUD , H.M. Sc MIEDZYBRODZKA, K. (1978). Chlamydial infection of the 
urethra in men. Br. J. Vener. Dis. 54 : 45-49
PERSSON, S. Sc DANIELSSON, B. (1979). On the occurrence of serum antibodies 
to Bacteroides fragilis and serogroups of E. Coli in patients with 
Crohn's disease. Scand. J. Infect. Dis. SuppIT 19 : 61
PHILIP, R.N., CASPER, E.A., GORDON, F.B., QUAN, A.L. (1974).'' Fluorescent 
antibody responses to chlamydial infection in patients with lympho­
granuloma venereum and urethritis. J. Immunol. 112 : 2126-2134
POLLOCK, M.R. (1948). Unsaturated fatty acids in cotton wool plugs. 
Nature,London 161 : 853-
PORSCHEN, R.K. Sc STALONS, D.R. (1976). Evaluation of simplified dichotomous 
schemata for the identification of anaerobic bacteria from clinical 
material. J. Clin. Microbiol. 3^ : 161-171
POXTON, I.R. Sc BROWN, R. (1979). Sodium dodecyl sulphate- polyacrylamide
gel electrophoresis of cell-surface proteins as an aid to the identification 
of the Bacteroides fragilis group. J. Gen. Microbiol. 112 : 211-215
PRENTICE, M.J., TAYLOR-ROBINSON, D. CSONKA, G.W. (1976). Non-specific
urethritis. A placebo controlled trial of minocycline in conjunction 
with laboratory investigations. Br. J. Vener. Dis. 52 : 269-175
PRESTON, N.W. Sc MORRELL, A. (1962). Reproducible results with the Gram 
stain. J. Path. Bact. 84 : 241
PREVOT, A.R. (.1966). Manual for the classification and determination of
the anaerobic bacteria. Philadelphia : Lee Sc Febiger.
• QUICK, J.D., GOLDBERG, H.S., SONNENWIRTH, A.C. (1972). Human antibody to
Bacteroidaceae. Am. J. Clin. Nutr. 25 : 1351
REITER, H. (1916). Ueber eine bisher enerkannte Spirochateninfektion 
(Spirochaetosis arthritica). Dtsch. Med. Wschr. 42 : 1535.
RICHMOND, S.J., HILTON, A.L., CLARKE, S.K.R. (1972). Chlamydial infection: 
role of chlamydia subgroup A in non-gonococcal and post gonococcal 
Urethritis. Br. J. Vener. Dis. 48 : 437-444
RICGRD, P.H. (1838). A practical treatise on Venereal Disease. 2nd Ed.
A.S. Doane (trans), New York, J.S. Redfield, Clinton Hall
RISSING, J.P., CRCWDER, J.G., SMITH, J.Ww , WHITE, A. (1974). Detection of 
Bacteroides fragilis infection by precipitin antibody. J. Infect.
Dis. 130 : 70-71
RIZZA, V., SINCLAIR, P.R., WHITE, D.C., COURANT, P.R. (1968). Electron 
transport system of the protoheme-requiring anaerobe Bacteroides 
melaninogenicus. J. Bacteriol. 96 : 665-671
ROBERTSON, M. (1916). Notes upon certain anaerobes isolated from wounds.
J. Pathol. Bacteriol. 20 : 327 _
ROBINSON, J.V.A. Sc JAMES, A.L. (1973). Some serological studies on 
Bacteroides corrodens. J. Gen. Microbiol. 78 : 193-197
ROCKL, H. Sc NASEMANN, T.H. (1959). The influence of bacteria PPLO,cysticetes 
and trichomonas in the genital tract on non-gonococcal urethritis.
Urol. int. 9 : 266-274
ROSEBURY, T. Sc REYNOLDS, J.B. (1964). Continuous anaerobiosis for
cultivation of spirochetes. Proc. Soc. Exptl. Biol. Med. 117 : 813-815
ROSENBLATT, J.E., FALLON, A., FINEGOLD, S.M. (1973). Comparison of methods 
for isolation of anaerobic bacteria from clinical specimens.
Appl. Microbiol. 25 : 77
ROSENBLATT, J.E. (1976). Isolation and identification of anaerobic bacteria. 
Human Pathol. 1_ : 177-186
ROTIMI, V.O., FAULKNER, J., DUERDEN, B.I. (1980). Rapid methods for
identification of clinical isolates of Gram-negative-anaerobic bacilli. 
Med. Lab. Sci. 37 : 331-339
RUBBO, S.D. Sc BENJAMIN, M. (1951). Some observations on survival of 
pathogenic bacteria on cotton wool swabs. Br. Med. Jour. 1 : 982
SCHMIDT, R.C. Sc MAASSAB, H.F. (1974). Local immunity to influenza virus in 
chicken tracheal organ cultures. J. Infect. Dis. 129 : 637-643
SCHWAN, A. Sc RYDEN, A.-C. (1978). Antibody response in thirteen patients 
with Bacteroides fragilis infections. Scand. J. Infect. Dis. 10 : 
213-218 ~ —
SHAH, H.N. Sc COLLINS, M.D.-(1983). A review. Genus Bacteroides. A 
chemotaxonomicai perspective. J. Appl. Bact. 55 : 403-416
SHAW, C. Sc CLARKE, P.H. (1955). Biochemical-classification of Proteus and
. Providence cultures. J. Gen. Microbiol. -13 : 155
SHEPARD, M.C. (1954). The recovery of pleuropneumonia-like organisms from 
Negro men with and without non-gonococcal urethritis. Amer. J. Syph. 
Gon. Vener. Dis. 38 : 113-124
SHIMADA, K., SUTTER, V.L., FINEGOLD, S.M. (1970). Effect of bile and 
desoxycholate on Gram-negative anaerobic bacteria. Appl. Microbiol 
20 : 737
SLOTS, J. Sc GIBBONS, R.J. (1978). Attachment of Bacteroides melaninogenicus 
ss. asaccharolyticus to oral surfaces and its possible role in 
colonization of the mouth and periodontal pockets. Infect. Immun.
19 : 254-264
SMIBERT, R.M. Sc HOLDEMAN, L.V. (1976). Clinical isolates of anaerobic Gram- 
negative rods with a formate-fumarate energy metabolism : Bacteroides 
corrodens, Vibrio succinogenes, and unidentified strains. J. Clin. 
Microbiol. _3 : 432-437
SMITH, L.D.S. (1975). Pathogenic anaerobic bacteria. 2nd ed.
Charles C. Thomas, Illinois, U.S.A.
SMITH, D.G. (1982). Bacterial Appendages. In : Electron microscopy of
proteins (ed. James R.Harris), Vol. 2 p. 105. Academic Press. New York
SMITH, L. Sc FERGUSON, I.R. (1977). Modified bacteriological, swabs for the 
transport of anaerobes in clinical specimens. Med. Lab. Sciences.
34 : 247
SNEATH, P.H.A. (1957). Some thoughts on bacterial classification.
J. Gen. microbiol. 17 : 184-200
SNEATH, P.H.A. (1968). Vigour pattern in taxonomy. J. Gen. Microbiol.
54 : 1-11
SNEATH, P.H.A. (1972). Computer Taxonomy. In : J.R. Norris & D.W. Ribbons 
(eds), Methods in Microbiology 7A : 29. Academic Press, New York
SNEATH, P.H.A. & JOHNSON, R. (1972). The influence on numerical taxonomic 
similarities of errors in microbiological tests. J. Gen. Microbiol.
72 : 377-392
SNEATH, P.H.A. & SOKAL, R.R. (1973). The Principles and Practices of 
Numerical Classification. W.H. Freeman, San Francisco, London
SOKAL, R.R. & MICHENER, C.D. (1958). A statistical method for evaluating 
... systematic relationships. University of Kansas Science Bulletin 38 
7 1409-1438
: SOKAL, R.R. & ROHLF, F.J. (1962). The. comparison of dendrograms by 
objective methods. Taxon. 31 : 33-40
.SOKAL, R.R. (1965). Statistical methods in systematics. Biol. Rev. 40 :337
/ SCMPOLINSKY, D., HARARI, Z., SOLOMAN, F., CASPI, E., KRAKCWSKI, D:, HENIG,E. 
(1973). -A contribution to the microbiology of urethritis. Isr. J.
Med. Sci. 9 : 438-446
SPAULDING, E.H., VARGO, V., MICHAELSON, T.C., SWENSON, R.M. (1972). A 
comparison of two procedures for isolating anaerobic bacteria from 
clinical specimens, pp. 37-46. In : A. Balcws, R.M. Dettaan.,
V.R. Dowell, Jr. & L.G. Guze (eds). Anaerobic bacteria : role in 
disease. Charles C. Thomas Publishr. Springfield. Ill
SPIEGEL, C.A., AMSEL, R., ESCHENBACH, D., SCHOENKNECHT, F., HOLMES, K.K.
(1980). Anaerobic bacteria in non-specific vaginitis. New Engl. Jour. 
Med. 303 : 601-607
SPIEGEL, C.A. & ROBERTS, M. (1984). Mobiluncus gen, nov., Mobiluncus
curtisii ss curtisii sp. nov.. Mobiluncus curtisii ss holmesii sp. nov., 
and Mobiluncus mulieris sp. nov., curved rods from the human vagina.
Int. J. Syst. Bacteriol. 34 : 177-184
SPROTT, M.S., INGHAM, H.R., PATIMAN, R.S., EISENSTADT, R.L., SHORT, G.R., 
NARANG, H.K., SISSON, P.R., SELKON, J.B. (1983). Characteristics of 
motile curved rods in vaginal secretions. J. Med. Microbiol.
16 : 175-182
STANIER, R.Y., ADELBERG, E.A.., INGRAHAM, J.L. (1977). New approaches to
bacterial taxonomy. In : General Microbiology. 4th Edition, pp. 509-
523. MacMillan Press, London.
STARGEL, M.D., THOMPSON, F.S., PHILLIPS, S.E., LOMBARD, G.L., DCWELL, V.R.
(1976) Modification of the Minitek miniaturised differentiation 
system for the characterisation of anaerobic bacteria. J. Clin. 
Microbiol. 3 : 291-301
STEAD, A., MAIN, J.S., WARD, M.E., WATT, P.J. (1975). Studies on lipopoly- 
saccharides isolated from strains of Neisseria gonorrhoeae.
J. Gen. Microbiol. 88 : 123-131
STOKES, E.J. (1958). Anaerobes in routine diagnostic cultures. Lancet 1_
668-670
STUART, R.D. (1959). Transport medium for specimens in public health . 
bacteriology. Publ. Hlth. Rep., Wash. 74 : 431
SUBIABRE, Y., ARIAS, B., ROJO, M. (1976). Prevalence of T. vaginalis 
infection in men from the city of Santiago. Bol. Chil. Parisitol.
31 : 44-45
SUTTER, V.L. 8c FINEGOLD, S.M. (1971). Antibiotic disc susceptibility tests 
for rapid presumptive identification of Gram-negative anaerobic bacilli. 
Appl. Bacteriol. 21 : 13-20
SUTTER, V.L., VARGO, V.L., FINEGOLD, S.M. (1975). Wadsworth anaerobic 
bacteriology manual. 2nd ed. University of California, Los Angeles
SUZUKI, S., USHIJIMA, T., ICHINOSE, M. (1966). Differentiation of
Bacteroides from Sphaerophorus and Fusobacterium. Jap. J. Microbiol.
10 : 193
SWARTZ, S.L., KRAUS, S.J., HERMANN, K.L. et al. (1978). Diagnosis and
etiology of non-gonococcal urethritis. J. Infect. Dis. 138 : 445-454
SWEDIAUR, F.X. (1782). Practical observations on venereal complaints. Edinburgh.
SWEET, R.L. (1975). Anaerobic infections of the female genital tract.
Amm. J. Obstet. Gynecol. 122 : 891-901
TALLY, F.P., STEWART, P.R., SUTTER, V.L., ROSENBLATT, J.E. (1975). Oxygen
tolerance of fresh clinical anaerobic bacteria. J. Clin. Microbiol.1 : 161
TANNER, A.G.R., BADGER, S., LAI, C.H., LISTGARTEN, M.A., VISCONTI, R. A., 
SOCRANSKY, S.S. (1981). Wolinella gen. nov., Wolinella succinogenes 
(Vibrio succinogenes. Wolin et al.) comb. nov. and description of 
Bacteroides gracilis sp. nov., Wolinella recta., sp. nov..
Campylobacter concisus sp. nov. and Eikenella corrodens from humans 
with peridontal disease. Int. J. Syst. Bacteriol. 31 : 432-445
TAYLOR, A.J., DAWSON, C.A., OWEN, R.J. (1986). The identification of
Bacteroides ureolyticus from patients with non-gonococcal urethritis 
by conventional biochemical tests and by DNA and protein analyses.
J. Med. Microbiol. 21 : 109-116
TAYLOR-ROBINSON, D., ADDEY, J.P., HARE, M.J., DUNLOP, E.M.C. (1969).
Mycoplasmas and 'non-specific' genital infection. 1. Previous studies 
and laboratory aspects. Br. J. Vener. Dis. 45 : 265-273
TAYLOR-ROBINSON, D., WHYIOCK, S., GREEN, C.J., CARNEY, F.E. (1974).
Effect of Neisseria gonnorrhoeae on human and rabbit oviducts.
Br. J. Vener. Dis. 50 : 279-288
TAYLOR-ROBINSON, D., JOHNSON, A.P., McGEE, Z.A. (1975). Use of organ 
cultures and small laboratory animals for the study of gonococcal 
infections. In : Genital Infections and their Complications (eds).
D. Danielsson, L. Juhlin Sc P.-A. M&rdh, pp. 243-252. Almqvist Sc Wiksell 
International, Stockholm. _ . _
TAYLOR-ROBINSON, D. (1976). Mycoplasmas in the male urogenital tract.
In : Williams, D.I., Chisholm, G.D. (eds) Sc. Foundns. Urol.
Heinemann, London, p. 258-262
TAYLOR-ROBINSON, D. (1977). Possible role of ureaplasmas in non-gonococcal 
urethritis. In Non-gonococcal urethritis and related infections, 
pp. 30-37. Edited by D. Hobson Sc K.K. Holmes. American Society for 
Microbiology : Washington, D.C.
TAYLOR-ROBINSON, D., CSONKA, G.W., PRENTICE, M.J. (1977). Human intra-
urethral inoculation of ureaplasma. Quarterly Journal of. Medicine New 
Series. 46 : 309-326 . : •
' TAYLOR-ROBINSON, D., EVANS, R.T., COUFALIK, E.D., PRENTICE, M^J., MUNDAY, 
P.E., CSONKA, G.W., OATES, J.K. (1979). Ureaplasma urealyticum and
- - Mycoplasma hominis in chlamydial and rion-chl^ d^iaT non-gonococcal
urethritis- Br. J. Vener. Dis. 55 : 30-35 > ~ ‘
TAYLOR-ROBINSON, D. Sc McCQRMACK, W.M. (1980). The genital mycoplasmas.
N. Engl. J. Med. 302 : 1003-1010; 1063-1067
TAYLOR-ROBINSON, D. Sc THOMAS, B.J. (1980). The role of Chlamydia
trachomatis in genital tract and associated disease. -J. Clin. Pathol. 
33 : 203-233
TAYLOR-ROBINSON, D. Sc CSONKA, G.W. (1981). Laboratory and clinical aspects 
of mycoplasmal infections of the human genito-urinary tract. In : 
Harris, J.R.W. ed. Recent advances in sexually transmitted diseases. 
London. Churchill, Livingstone, pp. 151-186
TAYLOR-ROBINSON, D., FURR, P.M., HETHERINGTON, C.M. (1982). The patho­
genicity of a newly discovered human mycoplasma (strain G37) for the 
genital tract of marmosets. J. Hyg., Camb. 89 : 449-455
TAYLOR-ROBINSON, D.(1984). Mycoplasma infections of the human urogenital 
tract with particular reference to non-gonococcal urethritis. Ann. 
Microbiol.-(Inst. Pasteur) 135A : 129-134
TERHO, P. (1978). Chlamydia trachomatis in non-specific urethritis.
Br'. J. Vener. Dis. 54~: 251-256
THARAGONNET, D., SISSON, P.R., ROXBY, C.M., INGHAM, H.R., SELKON, J.B.
(1977). The API ZYM system in the identification of Gram-negative 
anaerobes. J. Clin. Path. 30 : 505-509
THOMAS, B.J., REEVE, P., ORIEL, J.D. (1976). Simplified serological test 
for antibodies to Chlamydia trachomatis. J. Clin. Microbiol. 4 : 6-10
ituittAKML, J.L)., JbUKSLY, T., 'l'HUMAS, B. J. (1983). Chlamydial serology.
Br. Med. Bull. 39 : 194-200
TUFFREY, M. 8c TAYLOR-ROBINSON, D. (1981). Progesterone as a key factor in 
the development of a mouse model for genital tract infection with 
Chlamydia trachomatis. FEMS Microbiology Letters 12 : 111-115
VAREL, V.H., BRYANT, M.P. (1974). Nutritional features of Bacteroides
fragilis sub sp. fragilis. Appl. Microbiol. 28 : 251=7
VAUGHAN-JACKSON, J.D., DUNLOP, E.M.C., DAROUGAR, S., TREHARNE, J.D.,
TAYLOR-ROBINSON, D. (1977). Urethritis due to Chlamydia trachomatis.
Br. J. Vener. Dis. 53 : 180-183
VONTUER, L. A., REEVES, W.C., RATTRAY, M., COREY, L., REMINGTON, M.A.,
TOLENTIMO, E., SCHWEID, A., HOLMES, K.K. (1979). Clinical course and 
diagnosis of genital herpes simplex virus infection and evaluation of 
topical surfactant therapy. Am. J. Obstet. Gynecol. 133 : 548-554
WAELSCH, L. (1916). Uber chronische, nicht gonorrhoische urethritis.
Arch. Derm. Syph. Wien. 123 : 1089
WANG, S.-P., GRAYSTON, J.T., KUO, C.-C., ALEXANDER, E.R. * HOLMES, K.K.
(1977). In : Hobson, D. 8c Holmes, K.K. (eds). Non-gonococcal urethritis 
and related infections, pp. 237-248. American Society for Microbiology, 
Washington, DC
WARD, M.E., WATT, P.J., ROBERTSON, J.N. (1974). The human fallopian tube: 
a laboratory model for gonococcal infection. J. Infect. Dis. 129 : 
650-659
WATT, B. (1973). The influence of carbon dioxide on the growth of obligate 
and facultative anaerobes on solid media. J. Med. Microbiol. 6 : 307
WATT, B., HOARE, M.V., COLLEE, J.G. (1973). Some variables affecting the 
recovery of anaerobic bacteria : a quantitative study. J. Gen.
Microbiol. 77 : 447
WATT, B., COLLEE, J.G., BROWN, R. (1974). The isolation of strict anaerobes : 
use of an anaerobic cabinet compared with a conventional procedure.
J. Med. Microbiol. 1_ : 315
WATT, B. 8c BROWN, F. (1975). Sensitivity testing of anaerobes on solid 
media. J. Antimicrob. Chemother. 1^ : 440
WATT, B., COLLEE, J.G., BROWN, R. (1976). Tests of performance of anaerobic 
jars. J. Clin. Pathol. 29 : 534
WECKSTEIN, A.M. (1944). Isolation of Neisseria diplococci and haemolytic
streptococci. The Hospital Corps Quarterly, Navmed 113. Vol. 17 : 77-78
WEIDNER, W., BRUNNER, H., KRAUSE, W., ROTHAUGE, C.F. (1978). Zur Bedutung 
von Ureaplasma urealyticum bei unspezifischer Prostato-urethritis. 
Quantitative Untersuchungen an 312 Patienten. Deutsche Medizinische 
Wochenschrift 103 : 465-470
WELLER, T.H. & GOONS, A.H. (1954). Fluorescent antibody studies with
agents of varicella and herpes zoster propagated in vitro. Proc. Soc. 
Exper. Biol. Sc Med. 86 : 789-794
WESTROM, L., M&RDH, P.-£., von MECKLENBURG, C., H&(ANSSON, C.H. (1977). 
Studies on ciliated epithelia of the human genital tract. II. The 
mucociliary wave pattern of fallopian tube epithelium. Fertility 
and Sterility. 28 : 955-961
WILLIS, A.T. Sc HOBBS, G. (1959). Some new media for the isolation and 
identification of clostridia. J. Path. Bact. 77 : 511
WILKINS, T.D. Sc JIMENEZ-ULATE, F. (1975). Anaerobic specimen transport 
device. J. Clin. Microbiol. 2 : 441-447
WILLCOX, R.R. (1972). Triple tetracycline in the treatment of non­
gonococcal urethritis in males. Br. J. Vener. Dis. 48 : 137-140
WISHART, D. (1982). Clustan User Manual. Version 2.1. 3rd Edition. 
Edinburgh. Edinburgh University Program Library Unit.
WOLIN, M.J., WOUN, E.A., JACOBS, N.J. (1961). Cytochrome-producing 
anaerobic vibrio, Vibrio succinogenes sp. nov. J. Bacteriol.
81 : 911-917
WONG, J.L., HINES, P.A., BRASHER, M.D., ROGERS, G.T., SMITH, R.F.,
SCHACHTER, J. (1977). The aetiology of non-gonococcal urethritis 
in men attending a veneral disease clinic. Sex. Trans. Dis. 4 : 4-8
WOO, D.D., HOLT, S.C., LEADBETTER, E.R. (1979). Ultrastructure of 
Bacteroides species : B. asaccharolyticos,.b. fragilis,
B. melaninogenicus and B. intermedius. 37 Infect. Dis. 139 : 534-546
YOUNG, H., SARAFIAN, S.K., McMILLAN, A. (1981). Reactivity of the 
limulus lysate assay with uterine cervical secretions. Br. J.
Vener. Dis. 57 : 200-203
ZABRANSKY, R.J. (1970). Isolation of anaerobic bacteria from clinical 
specimens. Mayo Clin. Proc. 45 : 256-264
ZEHNDER, A.J. & WUHRMANN, K. (1976). Titanium III citrate as a non­
toxic oxidation reduction buffering system for the culture of obligate 
anaerobes. Science. 194 : 1165
